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Abstract 
Cyano bonded phase column together with indirect 
conductivity detection is an effective combination for the 
analysis of some basic drugs in cough medicine and 
pharmaceutical preparations, amino acids, and food 
additives. The power and convenience of the method is that 
it can be applied to analyse charged organic molecules that 
cannot be conveniently done by ordinary reversed phase 
silica-based column, or analytes without significant UV 
absorption. 
The underlying separation process of basic drugs using 
CN stationary phase with polar mobile phase has not been 
experimentally explored. The retention behaviour of a set 
of eleven basic drugs, together with two amino acids, 
vitamin B6, and some ionic compounds in CN column with 
perchloric acid-acetonitrile as eluents was explored. The 
eluent strength ( 40 % v/v acetonitrile in 0.5 to 3.0 mmol 
dm-3 perchloric acid ), and composition of acetonitrile ( 30 
to 60% v Iv acetonitrile in 2.0 mmol 'dm-3 perchloric acid ) 
affect the capacity factors of the substances to different 
extent. The retention consists of a mixed mechanism with 
exchange process playing the leading role and comparatively 
minor effect on hydrophobic interaction. Some of the 
~nalytes were selected and further studied with eluent 
systems of potassium perchlo~ate and magnesiumperchlorate 
( from 0.5 to 3.0 mmol dm-3 ) in place of the perchloric 
acid. Similar effects were observed, and the same 
conclusion has been reached. 
The detector response has been studied. The 
conductance change is proportional to both peak area and 
peak height only for peaks with similar retention. Effect 
of perchloric acid concentration and acetonitrile 
composition of the eluent on detector response has been 
studied. The basic chromatograph phenomenon, in which the 
area and height of a peak are affected by the capacity 
factor (k ' ), is superimposed on the original conductance 
change. Furthermore, the detector under indirect 
conductivity mode is concentration sensitive rather than 
mass flow dependent. 
Analytical methods hav~ been developed for the 
determination of the basic drugs benzhexol hydrochloride 
and ethambutol hydrochloride tablets as alternatives to the 
existing tedious, technique dependent, or expensive 
analytical methods. Optimisation of the experimental 
condi~ions, linear detection range, and precision of the 
proposed method have all been studied. The results by the 
proposed method were counter-checked with the methods from 
prom~nent pharmacopoeias. Statistical tests have been used 
to compare the results and to estimate the precision. The 
method is successful to the analysis of different brands of 
tablets commercially available. Furthermore, various 
problems encountered in the analysis of these two drugs 
with standard methods in well known pharmacopoeias are 
discussed. 
" 
Chapter 1. Introduction 
High performance liquid chromatography (HPLC) has 
been the most powerful of all the chromatographic 
techniques. It can easily achieve separations and 
analyses that would be difficult or impossible by other 
forms of chromatography. 
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In recent years, this analytical mean has become one 
of the leading analytical techniques used in the 
pharmaceutical industry. Present HPLC instrumentation 
meets the high levels of speed, accuracy, precision, and 
reiiability demanded by the requirements of 
pharmaceutical analysis. 
Still, HPLC analysis of charged compounds is still 
inconvenient because of the tailing effects brought by 
the residual silanol groups in most columns with silica 
base support. Addition of alkylamine to the eluent seems 
to be the most popular remedy. 
In pharmaceutical HPLC analysis, it is common to use 
a considerable amount of organic solvents. However, 
because of the nature of the stationary phase support, 
most ion exchange columns can only be operated at medium 
or low organic content. 
Separation of charged compounds by ion pairing 
chromatography is the most popular, despite this method 
has not been widely included in standard pharmacopoeias. 
It takes a long time for the column to stabilise, and 
prolong elution is required when changing of ion pair 
reagents is desired. 
Despite the loading capacity of the equipment and 
matrix problems that would be introduced from the 
samples, capillary electrophoresis seems to be an 
alternative to the analysis of basic drugs, and in fact 
it it now still under research by other groups of 
workers. 
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Cyano-propyl bonded phase column together with 
indirect conductivity detection using perchloric acid -
acetonitrile eluent is a powerful technique1 in 
pharmaceutical analysis. The advantages of this 
analytical mean is that it can be conveniently applied to 
charged organic molecules that ordinary columns in 
reversed phase mode cannot. Although ion exchange 
columns can deal with common charged analytes in low 
concentration, eN column is more durable, allows a higher 
sample loading and organic modifier content in the 
eluent. 
The sensitivity of indirect conductivity detection 
method is high. Analytes that cannot be detected by 
other means can be conveniently detected without 
derivatisation. 
However, the underlying separation process using eN 
columns operating with polar eluent and the detection 
behaviour in indirect conductivity mode have not been 
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experimentally explored. This HPLC based method cannot 
be applied to full advantage unless the working principle 
is understood. 
In this thesis, chapter 2 states the general 
theories and consideration, especially on cyanopropyl 
bonded phase column and indirect conductivity detection. 
The retention mechanism of the cyano-propyl bonded phase 
in polar eluents will be explored in chapter 3. In 
chapter 4, the effect of eluent composition and content 
on the detector response are described. Chapter 5 is 
about the development of analytical methods on some 
pharmaceutical products of benzhexol HCl and ethambutol 
Hel. 
References 
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Chapter 2 Theory 
A typical HPLC system as shown in figure 2.1 
consists of a pump with mobile phase reservoir, an 
injection valve with a sample loop, a column, a detector, 
and an integrator. The publications of Snyder and 
Kirkland1, and Ahuja2 0ffer excellent descriptions on the 
, , 
basic principles in HPLC. 
If 















The sample loop of the injection valve delivers a 
fixed volume of analyte to the column. The concentration 
of the analyte injected must not be too low or too high. 
Although higher analyte concentration gives a better 
signal to noise ratio than those lower one, the problem 
of tailing and the retention time variation due to column 
overloading have to be considered. Moreover, the 
probability of cross contamination or peaks overlapping 
increase. 
The Separation Column 
The column used is packed with fine and highly 
porous silica particles. These silica particles have been 
reacted with an organochlorosilane containing cyano 
group, giving a polar functional group to the surface of 
the silica. 
Cyano Phase 
These polar eN groups can often be regarded as point 
sites for interaction with solute molecules, ions and 
polar solvent in the eluent. This weak polar cyano 
group, together with the short hydrocarbon chain allows a 
mixed mechanism of separation. 
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In normal phase process, the bonded cyanosilica 
columns function as deactivated silica, when moderately 
polar or non-polar mobile phases are used, with silanol 
groups as the adsorption sites. 
The column-solvent compatibility of the eN column 
was good with allowable pH ranging between 2 and 7.5 . 
The pH range of the eluent in the applications was just 
fall in this range. 
Capacity Factor ( k' ) 
The capacity factor of an analyte is a function of 
the strength of the interaction of this analyte with the 
stationary phase. Mathematically, it can be expressed by 
the following equation : 
where tR and to are the retention time of the analyte and 
time for the unretained substance to travel through the 
column, respectively. 
Organic Modifier in Eluent 
Acetonitrile-water system provides lower back 
pressure than that of methanol-water at the same ratio. 
With increasing organic solvent concentration in both 
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systems, the viscosity of the eluent first increases to a 
maximum and then monotonically decreases3 . However, 
this effect is particularly marked in methanol-water 
mixture because of its relatively high viscosity and 
results in much higher pressures than other mobile phase. 
Furthermore, a considerable volume contraction occurs 
when mixing methanol and water together. 
Small amount of tetrahydrofuran in eluent can lessen 
the bubble formation, but adverse effect in peak shape 
and retention were observed in the system studied. 
Acid Ingredients in Eluent 
Strong acids, such as perchloric acid, dissociate 
into H30+ and Cl04 - in aqueous medium. 
strongly conducting and h~ve a high lim~ting equivalent 
ionic conductance, while Cl04- has limiting equivalent 
ionic conductance value close to that of S042-, N03-, and 
Nitric acid may decompose on standing, while 
phosphoric acid in water forms an equilibrium of poly 
anions with each type of ions having its own limiting 
equivalent ionic conductance, making the total 
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conductance in the mobile phase varies severely from 
batch to batch, or at different conditions. Hydrochloric 
acid is not used as eluent because of its corroding 
effect on stainless steel. 
Detector 
The function of a detector in HPLC is to monitor the 
mobile phase emerging from the column. The output of the 
detector is an electrical signal that is proportional to 
some property of the mobile phase and the solutes. 
In conductivity detector, the physical properties 
measured is the conductance ( reciprocal of resistance 
of the conducting species, rather than their conductivity 
( reciprocal of resistivity ). 
Conductivity detector can be used for the detection 
of inorganic or organi~ ions. It is widely employed with 
ion-exchange, ion-interaction and ion-exclusion 
separation methods because of its universal response to 
conducting species and relatively simple to construct and 
operate. 
However, the temperature of the cell compartment and 
eluent should be carefully controlled, because the 
response of conductivity detectors is temperature 
dependent. 
Conductivity detector is mostly used in aqueous 
systems, but this device should be applicable to 
nonaqueous systems provided that conducting species is 
present. 
The basic principles, electronic circuitry and cell 
design for conductivity detection can be refer to 
advanced textbooks about ion chromatography or detectors 




Indirect conductivity detection 
When there is a considerable difference in the 
limiting equivalent ionic conductances of the solute and 
eluent ions, sensitive detection can be obtained. This 
difference can be positive or negative, depending on 
whether the eluent ion is strongly or weakly conducting. 
In the direct conductivity detection mode, if the 
limiting equivalent ionic conductance of the eluent ion 
is low, an increase in conductance will occur when the 
solute enters the detection cell. · The·so.lute has a 
higher conductance than that of the eluent ion and 
positive peaks resulted. 
In indirect detection mode, the solute has a lower 
conductance than that of the eluent ion. An eluent ion 
with a high limiting equivalent ionic conductance can be 
employed and a decrease in conductance would occur when 
the solute enters the detection cell. Therefore negative 
peaks ( vacancy peaks ) will be detected with indirect 
detection. 
Salts, alkaline or acid can be added to the eluent. 
In this research, diluted perchloric acid is added in the 
eluent, as the limiting equivalent ionic conductances of 
the dissociated ions are high and provide excellent 
detector response. 
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The negative peaks obtained in indirect conductivity 
detections may be attributed to : 
1) The presence ofa low concentration of analyte emerged 
from the column to the detector cell would affect the 
mobility of solvated ions of aqueous perchloric acid in 
the eluent, thus decreasing the background conductivity. 
2) When the analyte in the stationary phase returns to 
the mobile phas~, there is a dilution effect on the 
eluent. Consequently, the background conductivity 
provided by aqueous perchloric acid decreases. 
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Equations relating the detector response and eluent 
concentrations in indirect conductivity detection mode 
The relationship between conductance, G, in ~S with 
the concentration of an electrolyte, C, in equivalents 
per 1000 cm3 0f solution is given by 
- AC G 1000 -
K 
where A is the equivalent conductance in 
K is the cell constant in cm-I. 
(2.1) 
If the electrolyte concentration is low, conductance 
can be calculated within acceptable error using limiting 
equivalent conductance, 1\. Therefore, 
- A C G - 1000 -
oK (2.2) 
The relationship of limiting equivalent conductance 
with limiting equivalent ionic conductaI?-ces 10 of 
individual anions and cations in solution is given by : 
(2.3) 
where 10+ and 10- are the limiting equivalent ionic 
conductances of the cationic and anionic components of 
the electrolyte, respectively. Equation 2.2 can now be 
rewritten as : 
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C G = 1000 (A o+ + 10 -> K (2.4) 
Chapter 3 will illustrate that the separation mode 
under the eluents studied follows ion-exchange mechanism, 
with the analyte cation retained by the eN column. The 
response equations developed below would follow the 
method of Fritz6. 
Consider the conductance arises from the background 
eluent ion, Gbg , 
Gbg = 1000 (ABo+ + Azo-) c; (2. 5) 
whe:r e CE is the concentration of the eluent, AEo+ and AEo-
are the limiting equivalent ionic conductances of the 
eluent cation and anion. 
'ft 
" .• .. nj 
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When a solute cation, with concentration C~, is 
tJ 
eluted from the column with eluent of concentration, CE, 
passing through the' detector cell. The background eluent 
concentration in the cell, [E+], is given by : 
(2.6) 
The total conductance, GT, measured at this moment 
is contributed from 
1) GE, the conductance of diluted background eluent E 
(both E+ and E-) given by 
(2. 7) 
2) plus the conductance GS+ ' of the solute cations S+ and 
the conductance GE- , of eluent anions E- that required to 
maintain electroneutrality. 
(2.8) 
Therefore, the conductance change, AG , as the 
solute passes through the detector is 
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(2.9) 
Since GT = GE + GS• From equation (2.7), (2.8), and 
(2.9) gives : 
(2.10) 
This equation shows that sensitive detection can be 
occurred as long as there is a considerable difference in 
the limiting equivalent ionic conductances of the solute 
and eluent ions. 
The indirect conductivity detection method is based 
on measuring the conductance change between the strongly 
conducting eluent ion and the solute of low conductance. 
In this study, the limiting equivalent ionic conductance 
of the eluent ions are large among commoq ions. When 
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neglecting the comparatively low limiting equivalent 
ionic conductance of the bulky solute ions, equation 
(2.10) can be approximated by (2.11) : 
C 4G ., -1000 (ABo+) --P. (2.11) K 
This equation relates the conductivity change to the 
analyte concentration by assuming that the eluent is very 
dilute, so that the equivalent conductance of the 
electrolyte can be replaced by the limiting equivalent 
conductance. The separated analyte is observed as 
negative conductivity peaks relative to the background, 
as the equivalent conductance of each separated analyte 
is less than that of the eluent ion, and this decrease in 
conductance is measured. 
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Chapter 3. 
The Retention Mechanism of Cyano Bonded Stationary Phase 
for Some Basic Drugs in Polar Eluents 
3.1 Introduction 
The CN stationary phase can be applied in both polar 
and non polar eluent. Most workers l on cyano bonded 
columns operating in normal phase suggested that 
fully-bonded cyano-silica columns function as deactivated 
silica, and the adsorption sites are hindered silanol 
groups, rather than cyano groups. When buffers are used 
as mobile phase, it was concluded2 that residual silanol 
groups on the silica support of the cyano stationary 
phase are responsible for the solute retention. As in 
most ordinary bonded phase columns, the support of the CN 
phase is also silica in nature. Residual silanol groups 
will be present to a certain extent even treated with 
end-capping reagent in general manufacture procedures. 
Basic drugs, with most are amines, will ionise in acidic 
medium and able to interact with the residual silanol 
groups. This explains the observation of broad tailing 
peaks when basic drugs were chromatographed to stationary 
phase with silica as supporting material. Usually, a 
small amount of alkylamine in the mobile phase would 
improve the peak shape, because the alkylamine is 
believed to act as a competing base and mask the polar 
silanol groups to a large extent. 
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A few research have been conducted positively to 
investigate the system in the normal phase HPLC with non-
polar mobile phases. The main mechanism asserted is 
adsorption. 
The underlying separation process of CN columns with 
polar mobile phase is not so explicit. Few has proposed 
that residual silanol groups should be responsible for 
the retention, but "the retention mechanism is not 
experimentally explored. 
In this study, the following basic drugs and 
substances were selected: Salts of ephedrine, 
promethazine, phenylephrine, diphenhydramine, benzhexol, 
bromhexine, pyridoxine, hydralazine, methadone, and 
ethambutol in hydrochloride form. Dextromethorphan 
hydrobromide, econazole nitrate, methionine, tryptophan, 
lithium sulphate, sodium chloride, and calcium chloride. 
The inorganic salts were ~ deliberately chosen so as to 
further confirm the proposed retention mechanism. 
The retention behaviour and separation mechanism 
based on the selected basic drugs and eN column as a 
function of eluent strength and acetonitrile composition 





The water used in preparing all the reagents and 
eluent was distilled, deionized and further treated with 
a Milli-Q50 reagent-grade water system. Perchloric acid 
was from Merck GR (70%-72%). Acetonitrile was the HPLC 
grade and from Mallinckrodt ( Chrom AR). Ephedrine 
hydrochloride, promethazine hydrochloride, phenylephrine 
hydrochloride, diphenhydramine hydrochloride, benzhexol 
hydrochloride, dextromethorphan hydrobromide, bromhexine 
hydrochloride, pyridoxine hydrochloride, econazole 
nitrate, hydralazine hydrochloride, methadone 
hydrochloride, ethambutol hydrochloride, methionine, 
tryptophan, deoxycholic acid sodium, and calcium 
pantothenate were from Sigma. Lithium sulphate, sodium 
chloride, potassium chloride, calcium chloride, potassium 





The chromatographic system comprises the following 
components : A Wescan rCM pump, with an eluent reservoir, 
a pump pulse dampener, a Rheodyne 7010 sample injection 
valve equipped with a 7012 loop filler port and a 20 pL 
sample loop. The column was the Beckman Ultrasphere 5 ~m 
80 A porecyano stationary phase column ( 4.6 mm x 25 cm 
). A Wescan rCM conductivity detector was used. The 
column and detector cell were kept at 30°C. A SP4290 
integrator from Spectra-Physics was used. 
The sample solutions were filtered with Acodisc of 
Gelmen Science, with maximum pore size of 0.2 ~m before 
injection. 
3.2.3 Standard Solution 
Stock solutions contairiing about 1000 ~g mL-1 of the 
basic drug standards were prepared and subsequently 
diluted with 40 % v/v acetonitrile in 0.5 mmol dm-3 
perchloric acid to 20 ~g mL-1 standard solution. 
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3.2.4 Procedures 
The experimental conditions in this study were : the 
flow rate was at 1.00 mL/min.; injection loop of 20 pL 
was used, and the temperature of the column and detector 
was kept at 30°C. 
Eluent containing perchloric acid 
The retention mechanism of CN stationary phase was 
studied for 11 basic drugs, in which 10 were monovalent 
molecular cations and 1 is divalent molecular cation. 
Two amino acids, vitamin 86, inorganic cations lithium, 
sodium, and calcium were also studied with the system. 
The structures and formulae are shown in table 3.1. 20 
pg mL-1 analytes standard were chromatographed with 
eluents of 40% (v/v) acetonitrile in perchloric acid with 
1 ~3 . 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mmo dm . Capac1ty 
factors (k') were calculated from the retention data. 
Eluents containing potassium and magnesium perchlorate 
Eluents of 40 % ~ v/v acetonitrile in potassium and 
magnesium perchlorate with concentrations : 0.5, 1.0, 
2.0, and 3.0 mmol dm-3 were used individually other than 
the perchloric acid. The concentration of the standards 
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were mostly 20 pg mL-1 except that the sodium and calcium 
chloride were 160 Ug mL-1 when the magnesium perch10rate 
was used as the eluent. 
Retention and Composition of Acetonitrile in the Eluent 
Standards of 20 Ug mL-1 were chromatrographed, with 
mobile phases of 30, 40, 50 and 60 % (v/v) acetonitrile 
in 2.0 mmol dm-3 perchloric acid. 
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Table 3.1. Structures and representing symbols of the 
Compounds studied. For convenience sake, the symbols in 
brackets, represent the names of the analytes hereafter. 
Name Structure 
Ephedrine Hydrochloride 
( EPH ) 
Promethazine Hydrochloride 
( PRO ) 
,HO 
Phenylephrine Hydrochloride 





( DIP ) 
Benzhexol Hydrochloride 
( BEN ) 
C201i31NO,HC 
Dextromethorphan Hydrobromide 









( BRO ) 
Pyridoxine Hydrochloride 
( B6 ) 
CsH11NO"HC 
Econazole Nitrate 
( EeO ) 
". 
_, ( ~ \ " '~ , •• ,1 (' • 














( HYD ) 
196.6 
Methadone Hydrochloride 




( ETH ) 
. \. 




( MEI ) 
~H1INO~ 
Tryptophan 




3.3 Results and Discussion 
3.3.1 Acetonitrile-Perchloric acid System 
Effect of varying perchloric acid concentration in 
the eluent was studied with the system by eleven basic 
drugs, together with two amino acids and some ionic 
compQunds. The compounds were injected and capacity 
factors (k') were calculated from the retention data. 
The general observations were similar to that of the ion 
exchange process and was stated below 
1) Solute retention depends on the eluent ion 
concentration. Table 3.2 shows that the retentions of 
the drugs decreased non-linearly as increasing perchloric 
acid concentration at a constant acetonitrile content. 
2) Retention was affected by the ionic charge of 
both the solute and the eluent ions. For a given mobile 
phase, retention increased with increasing charge on the 
solute ion, disregarding whether it were charged 
molecules dissociated from basic drugs or cations from 
30 
Tabl~ 3.2. Capacity fact.ors, k', for various ana1ytes 
injected at 20 pg mL-1 using 40 % v/v acetonitrile in 0.5 
to 3.0 mmo1 dm-3 perch10ric acid as eluent. 
Capacity factor 
Cation Perch10ric Acid (mmo1 dm-3) 
0.5 1.0 1.5 2.0 2.5 3.0 
EPH 7.44 3.68 2.45 1.75 1.35 1.14 
PRO 9.45 4.76 3.13 2.26 1.76 1.50 
PHE 6.67 3.35 2.19 1.56 1.19 1.02 
MEI 2.02 1.44· 1.04 0.77 0.61 0.51 
TRY 2.55 1.68 1.19 0.86 0.67 0.55 
DIP 9.12 4.54 2.99 2.16 1.69 1.42 
BEN 9.71 4.80 3.22 2.30 1.80 1.55 
BRO 9.87 4.92 3.22 2.36 1.85 1.56 
DEX 9.33 4.10 2.44 1.76 1.33 1.11 
B6 7.19 3.32 2.14 1.56 1.21 0.98 
ECO 7.23 3.26 2 .. 11 1.50 1.18 0.95 
HYD 8.91 4.12 2.70 1.94 1.52 1.24 
MET 8.13 3.63" 2.37 1.68 1.30 1.07 
ETH 9.09 5.27 3.47 2.51 
NaCl 3.60 2.31 1.69 1.32 1.10 
CaC12 7.26 4.24 2.79 2.00 
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the inorganic salts. The interaction of +2 cations with 
stationary phase was much stronger than that of +1 solute 
ions. The ethambutol hydrochloride and calcium chloride 
were more retained and their peaks were broad and 
tailing, while for all other solute ions having lower 
charge, narrow chromatographic peaks were observed. By 
comparing the data in table 3.4, the increase eluent 
charge from K+ to Mg2+ at all concentration leads to 
decrease in the capacity factors of the analytes. 
3) The retentions of molecular ions of the same 
charge increased with those of high carbon number or 
bulky in size. 
4) There were no difference in retention behaviour 
for 20 ~g mL-1 of sodium chloride and deoxycholic acid 
sodium, calcium chloride and calcium pantothenate. 
However, distinguish retention difference were observed 
for sodium chloride and potassium chloride. This 
indicates that only the cations were retained, and anions 
eluted early. 
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~ All these observations suggest that there may be an 
exchange process similar to that of the ion exchange 
process. To explain, the data were fitted into the ion 
exchange model and assuming that an exchange process was 
on the stationary phase, with one active site interacting 
with a unit charge on the molecular ion or eluent ion. 
The cation in the eluent acts as counter-ion to compete 
with the analyte ions for the site on the stationary 
phase. 
The retention model for the interaction of an 
individual molecular ion from the basic drug and the 
competing eluent ion with the active site are as follows 
. 
. 
Consider there are x eluent ions, E+Y, each of 
charge +y, competing with y solute ions, BX+, each of 
charge +x, on the active sites of the stationary phase. 
An equilibrium is set up : 
(3.1) 
with the subscripts m and s representing the ions binding 
in the mobile and stationary phases, respectively. 
For simplicity, the activity effects can be 
excluded, because both the eluent and analytes are 
dilute. 
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The selectivity coefficient for the system excluding 
activity effects is given by : 
s = 
[B:+] Y [E:+] x 
[B;+] Y [E:+] x 
(3.2) 
The weight distribution coefficient, DB' for analyte 
BX+ between stationary and mobile phase is given by : 
(3.3) 
The weight distribution coefficient of analyte B is 
related to the capacity factor, k 1 8, by : 
k ' - W B - DB V. 
m 
(3.4) 
with w is the weight of the stationary phase and V. is 
the volume of mobile phases. 
From equation 3.3 and 3.4 give: 
[BsX+] v. 
- k' DJ 
- B-[B;+] W (3.5) 




substituting equation 3.5 into equation 3~2 gives : 
(3.6) 
Assuming that an eluent ion, EY+, of charge +y, 
takes y active sites on the stationary phase, with 
mechanism similar to that of ion-exchange, then the 
exchange capacity, Q, of the column is given by : 
(3.7) 
substituting equation 3.7 into equation 3.6 gives 
equation 3.8 , and rearranging gives equation 3.9 : 
(3.8) . 
k~ = .1! (S) 1/y ( Q) x/Y [Hi] -%/Y 
V. Y , 
(3.9) 
By taking logarithms gives : 
log. k~ = .!log S + X 1og {) + log.1! - lflog[Er-1 (3.10 ) 
y Y Y V. Y 
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To study the effect of varying eluent concentration 
on the capacity factor, k'B' of an individual analyte, 
the column and analyte used are the same, then S, Q, w 
and V. become constant. Therefore, equation 3.10 becomes 
. 
. 
log k~ = C - x log [E!+] 
y 
(3.11) 
This equation relates the capacity factor to the 
concentration of eluent, with k'B is the capacity factor 
of the solute, [EIlY+] is the concentration of eluent ion, 
C is a constant, x and y are charges on the analyte ion 
and eluent ion, respectively. 
This equation predicts a linear relationship between 
log k' and log eluent concentration, with a negative 
slope of x/y relating to the charge on the molecular ion 
and the counter-ion in the mobile phase. The minus sign 
of the slope indicates the log capacity factor of the 
solute is inversely proportional to the log eluent 
concentration, and hence the retention of the solute 
decreases as eluent ion concentration increases. 
To verify that the model can offer explanations to 
the experimental observation, the data are presented as 
plots of log capacity factors versus log perchloric acid 
concentration ranges of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 
mmol dm-3 as shown in Figures 3.1, 3.2, and 3.3. 
1.21"'--, ------------------, 
1 ',~ . . . . . . . . . . " -. . - .. . -. ---. . . . . . . . --------. -----
-~ 
~O.6 ---------------\. -
I 0.4 ------------. ---------
0.2 ----------------,- ----------------/ ---------
o~~--~--~~-~-~--~~ 
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 
log [HCI04 1 (mmol dm -3) 
Figure 3.1. The log kl vs. log [HCI04 1. , 
-r PHE.-~ DIP -.- BEN --- HYD -t-- MET 
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Figure 3.2. The log k' vs. log [HCI04 ]. 
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Linearity was observed with square of correlation 
coefficients shown in table 3.3 being 0.998 or better for 
every analyte ions, except methionine and tryptophan. 
From the model, basic drug molecules of 
monohydrochlorides, hydrobromide, and nitrate when fully 
ionised all give cations of charge one, the slope x/y 
should approach 1 since the +1 charge of the eluent 
cation H+ makes the term y in equation 3.11 equals to 1. 
Similarly, calcium chloride and ethambutol hydrochloride 
should have ,slopes equals to two. (Actually, the name 
ethambutol hydrochloride is assigned to [+] ethambutol 
with two hydrochloride ions per ethambutol molecule3 ). 
Table 3.3 shows that the negative slope values x/y 
obtained by linear regression approach the theoretical 
value of 1 for all monohydrochloride drugs and 2 for the 
dihydrochloride. There is a good agreement between the 
slopes obtained experimentally and those predicted from 
the theoretical equation. It seemed that for some bulky 
cations, reduction of effective charge due to steric 
effect are insignificant. These bulky ions can approach 
the active site closely and interact with a 
stoichiometric number of functional groups on the surface 
of the stationary phase. 
In fact, in ion exchange process, the higher the 
concentration of competing ion in the eluent, the more 
Table 3.3 Linear regression data of log k' versus log 
[HCl04]. Various analytes were injected at 20 ~g mL-1 
with 40 % v/v acetonitrile in 0.5 to 3.0 mmol dm- 3 
perchloric acid as eluent. 
Square of 
Correlation Slope 
Cation coefficient x/y 
EPH 0.999 -1.06 
PHE 0.999 -1.06 
DIP 1.000 -1.05 
BRO 1.000 -1.04 
BEN 0.999 -1.04 
DEX 0.998 -1.04 
PRO 0.999 -1.04 
MEI 0.972 -0.78 
TRY · 0.979 -0.87 
MET 1.000 -1.13 
ETH 1.000 -1.86 
NaC1 1.000 -1.08 
CaC12 1.000 -1.86 
B6 1.000 -1.11 
ECO 1.000 -1.13 
HYD 1.000 -1.10 
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effective the eluent displaces solute ions from the 
stationary phase and thus the more rapid will the solute 
eluted from the column. 
Observation 3 mentioned in section 3.3.1 can partly 
be explained by hydrophobic interaction to be studied in 
section 3.3.3, and partly in terms of ion exchange 
process. By the Diamond and Whitney theory4 for ion 
exchanger, molecular ions with large hydrophobic groups 
possess weaker hydrating power and have high tendency to 
be rejected by the external aqueous phase and thus are 
"more attracted to the exchange side. In fact, this group 
of molecular ions bears either large amount of carbon 
atoms or ring structures. 
The capacity factors of all the analytes in the 
study are well fitted to the model except for two amino 
acids : methionine, and tryptophan. Figure 3.4 shows 
that a linear relation occurred only when perchloric acid 
concentration in the mobile phase is greater than 1.5 
mmol dm-3• Below this concentration, the line levels 
off. It is because under enough acidic conditions, amino 
groups are ionised, while carboxyl ionisation is 
suppressed, resulting a net positive charge ion to 
exhibit similar retention behaviour as that in the case 
of the molecular ions in basic drugs. At higher pH, 
formation of positive molecular ions are hindered and 50 
the retention behaviour changes. 
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3.3.2 Acetonitrile-Perchlorate Salts Eluent Systems 
To further validate the assertion, the cation in the 
mobile phase is changed while keeping the anion the same. 
This can be done by replacing the perchloric acid in the 
mobile phase system with potassium and magnesium 
perchlorates. Some of the drugs chromatographed in part 
A were chosen to apply in these mobile phase systems of 
40 % v/v acetonitrile in perchlorate solutions with salt 
concentrations of 0.5, 1.0, 2.0, and 3.0 mmol dm-3• 
To facilitate the peak detection, 160 ~g mL-1 of 
sodium chloride and calcium chloride was used in eluent 
of magnesium perchlorate. It is because the limiting 
equivalent ionic conductances of the magnesium ion is low 
and contributes to a low background conductance which in 
turn results in low detector response. ( refer to 
equation 2.11 ) 
The capacity factors of each analyte obtained from 
different eluent strength are given in table 3.4. The 
square of correlation coefficients are given in table 
3.5. 
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Table 3.4 Comparison of capacity factors, k', of various 
ana1ytes with eluents of 40 % v/v acetonitrile in 0.5 to 
3.0 mmol dm- 3 potassium and magnesium perchlorate, 
respectively. Analytes were in 20 ~g mL- l , except NaCl 
and CaC12 in 160 ~g mL- l when using Mg (CI04) 2 as eluent. 
Capacity factor 
Eluent concentration ( mmo1 dm-3 ) 
0.5 1.0 2.0 3.0 
Cation Kt Mg2+ K+ Mg2+ K+ Mg2+ K+ Mg2+ 
BRO 11.06 3.15 5.43 2.20 2.72 1.46 1.69 1.18 
DEX 11.68 3.51 5.70 2.40 2.76 1.64 1.72 1.32 
DIP 11.06 3.06 5.29 2.06 2.67 1.38 1.72 1.10 
PHE 8.81 2.20 4.41 1.43 1.99 0.92 1.28 0.71 
EPH 9.67 2.48 4.85 1.64 2.27 1.09 1.51 0.84 
MET 11.43 3 .. 29 6.10 2.22 3.03 1.14 1.89 1.05 
BEN 11.14 3.31 6.07 2.25 2.84 1.21 1.84 1.06 
ETH 5.87 8.71 2.61 6.57 2.09 
NaCl 9.16 2.70 4.59 1.76 2.14 1.24 1.40 0.76 
~ 
Lia 804 7.64 1.90 3.65 1.22 1.85 0.73 1.23 0.54 
CaC12 4.33 17.01 2.50 7.08 1.75 
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Linear relationship between log k' and log salt 
concentration was observed for all the analyte. Table 
3.5 shows that the correlation coefficients equal to 
0.997 and 0.996 or better for every analyte in potassium 
and magnesium perchlorate eluent, respectively. 
In potassium perchlorate, the potassium ion in the 
eluent charges +1, making the term y from equation 3.11 
equals to 1. The theory predicts that as the charges on 
the monohydrochlorides, sodium, and Lithium ion equal to 
+1, giving x equal to 1, and hence the slopes which equal 
to x/y should be 1. Similarly, for ETH and ca2+ ion, x 
equal to 2 and the slope, x/y, should be equal to 2. The 
slope values of x/y obtained by linear regression 
approach the theoretical value of I for all the 
monohydrochloride drugs and ions of charge +1, and 2 for 
Ca2+ ion and the dihydrochloride. This observation is 
similar to the case where the H+ of the perchloric acid 
acts as the competing ion. 
In the mobile phase of 40 % v/v acetonitrile in 
. d -3 magneslum perchlorate at 0.5, 1.0, 2.0,and 3.0 mmol m , 
y equals to 2. Therefore the theoretical values of x/y 
should be 1/2 for monovalent ion and 1 for divalent ion. 
The slopes given in table 3.4 are close to the 
theoretical values of 0.5 and 1.0 for most monovalent and 
divalent analyte ions, respectively. 
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Table 3.5 Linear regression data for log k' versus log 
[KCIO~] and log [Mg(CI04}2], respectively. E1uents: 40 % 
v/v acetonitrile in 0.5 to 3.0 mmol dm- 3 potassium and 
magnesium perchlorate, respectively. Each analyte in 20 
119 mL-1 was injected except NaCl and CaC12 in 160 119 mL-1 
when using Mg(CI04}2 as eluent. 
KCIO. Mg(CI04>2 
Square of Square of 
Correlation Slope Correlation Slope 
Cation coefficient x/y coefficient x/y 
EPH 1.000 -1.05 1.000 -0.60 
PHE 0.999 -1.08 1.000 -0.63 
DIP 1.000 -1.03 1.000 -0.57 
BRO 0.999 -1.04 1.000 -0.55 
BEN 0.997 -:-1.01 0.997 -0.55 
DEX 0.999 -1.06 1.000 -0.55 
ETH 0.999 -0.94 
NaCl 1.000 -:-1.05 0.996 -0.70 
CaC12 0.998 -0.98 
Li2S04 1.000 -1.02 0.999 -0.70 
A comparison on the retention behaviour of solutes 
in mobile phases with H+,Kt, and Mg2+ as counter ions 
further support the presence of ion exchange mechanism. 
In ion exchange chromatography, solutes are eluted 
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earlier with eluent competing ions of higher charge. The 
Mg2+ ion possesses better affinity for stationary phase 
and thus has stronger 'eluting power than that of Kt and 
t . H. By comparing the capacity factors of certain 
solutes at a constant mobile phase composition given in 
table 3.4, the mobile phase with magnesium perchlorate 
shows a faster solute elution than that of potassium 
perchlorate. This observation is the same as that 
predicted in ion exchange chromatography. On the other 
hand, in the mobile phase system of perchloric acid-
acetonitrile, the affinity of H+ to the stationary phase 
is the weakest and hence it is expected to have the 
weakest eluting power of the three. However, the eluting 
power as observed by comparing the capacity factors in 
table 3.2 with that of table 3.5 contradicts to those as 
expected in ion exchange chromatography. It is probably 
that by decreasing the pH of the mobile phase, less 
residual silan01 groups in the stationary phase are 
negatively charged and offer less retention to the solute 
ions. This implies an early elution when comparing with 
mobile phases of acetonitrile-perchlorate salts for the 
same condition. 
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The calculated charge from x/y based on the slope 
corresponding to the monovalent ions approach one, but 
slightly deviated for those obtained from bivalent ions. 
Experimental error alone cannot fully account for this 
deviation. A more sensible explanation is that the 
equation for the retention mechanism is derived without 
activity effect which is especially prominent in the 
divalent eluent such as magnesium perchlorate. 
To see the influence of activity effect, consider 
the equation (M+Y) = rY[MY], a factor of r to the power of 
y is multiplied to the concentration term. Activity 
effect is negligible when r Y approaches 1. For 
polyvalent ions, the factor of activity coefficient is to 
the power of the charge in the ion, so making activity 
effect more important. Therefore, the slopes obtained 
from experiments for bivalent ions were more deviated 
from those predicted by the theoretical equations without 
considering the activity effect. 
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In order to consider activity effects, activity 
coefficient of the competing ion in the eluent phase and 
that of the solute ion should be known. However, the 
coefficients for these drugs were not available. 
Uther groups in the stationary , phase, such as eN 
group or the short alkyl chain, to a less extent, should 
also be possible to interact with the solute. This may 
contribute to the deviation of the experimental result 
from the predicted model when the interaction between 
these groups and the solutes are not purely ion exchange. 
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3.3.3 Retention and Acetonitrile Composition 
To show the effect of hydrophobic interaction, the 
basic drugs, amino acids, and ionic compounds were 
chromatrographed with mobile phases of 30, 40, 50, and 
60% v/v of acetonitrile in 2.0 mmol dm- 3 perchloric acid. 
Table 3.6 shows the effect of organic solvent, at 
constant perchloric acid concentration, on the retention 
of the analytes. 
Retention slightly increases with decreasing organic 
solvent content for all the drugs studied. This 
observation is similar to that of ordinary reversed phase 
HPLC, where an increase in organic modifier composition 
iQ the mobile phase will decrease the hydrophobic 
interaction between the analyte and the stationary phase, 
and hence decrease in solute retention. This implies 
that a hydrophobic interaction also takes part in the 
retention of these analytes. 
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Table 3.6 Capacity Factors of 20 pg mL-1 ana1ytes using 
30 % to 60 % v/v' acetonitrile in 2.0 mmo1 dm-3 perch10ric 
acid as eluent. 
Capacity factor 
% acetonitrile 
Cation 30 40 50 60 
EPH 1.71 1.68 1.61 1.31 
PRO 2.90 2.15 1.81 1.24 
PHE 1.47 1.56 1.49 1.28 
DIP 2.91 2.16 1.74 1.22 
BEN 2.98 2.20 1.80 1.20 
BRO 2.61 2.36 1.79 1.20 
DEX 2.65 1.76 1.88 1.36 
ETH 5.18 5.27 5.54 5.01 
B6 1.54 1.56 1.60 1.44 
Eeo 2.73 2.10 1.62 1.06 
HYD 2.19 1.94 2.01 1.71 
MET 2.94 1.68 1.80 1.20 
MEI 0.68 0.74 0.87 1.13 
TRY 0.82 0.82 0.89 1.04 
, " 
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Although the effect of hydrophobic interaction is 
small, two types of behavior are observed. Figure 3.4 
shows that for the first group of drugs comprising EPH, 
PHE, MEl, TRY, ETH, B6, AND HYD, the capacity factor, 
hence the retention of the drugs were only slightly 
affected by varying the acetonitrile composition from 30 
to 60 %. This indicates that hydrophobic interaction" 
with the stationary phase is insignificant. For the 
second group comprising PRO, DIP, BEN, BRO, DEX, ECO, and 
MET, figure 3.5 shows that the retention of the drugs 
decreased slightly as the acetonitrile composition 
increased. This indicates that hydrophobic interaction 
plays at least some part in solute retention. In fact, 
the molecules of this group have more and longer alkyl 
chains, more bulky, or higher carbon number than that of 
the first group. 
Hydrophobic interactions of molecular ions with the 
alkyl chains in the stationary phase depends on the 
length and number of the alkyl portion in both of the 
molecular ion and the stationary phase. The propyl 
group is the main alkyl chain in the stationary phase, 
and so the hydrophobic effect is expected to be less than 
that in C8 or Cl8 columns in reversed phase mode. This 
is the reason that hydrophobic interaction is not 
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3.4 Conclusion 
It can be concluded that the active site is polar in 
nature. Solute retention depends on the eluent ion 
concentration, and charges of both the solute and the 
elu~nt ions. Retentions increase with ions of high 
carbon number or bulky in size, when all having the same 
charge. 
In low 'pH value, the hydrogen ion concentration is 
high, and high eluent cations compete with the basic drug 
ions for active site, resulting in a decrease in 
retention. This observation is similar when the K+ and 
Mg2+ ions from perchlorate salts replace the H+ of 
perchloric acid as eluent ion. 
The retention is proved to be consisted of a mix 
mechanism with the exchange process playing the leading 
role and the reversed phase hydrophobic interaction 
playing only a small part. 
It has always been thought that the residual silanol 
groups in the silica baseq stationary phase are 
responsible for the interaction of charged solutes. 
However in CN column,- the polar cyanopropyl groups 
covalently bonded to the silica surface may also take 
part to a certain extent. These polar CN groups can 
often be regarded as point sites for interaction with 
solute molecules, ions and polar solvent in the eluent. 
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Chapter 4. Detector Response 
4.1 Introduction 
In indirect conductivity detection mode, the 
relationship between detector response and peak area, 
peak height, eluent concentration, and organic modifier 
composition have not been fully investigated. The effect 
of mobile phase condition on the detector response should 
be understood before the full advantage can be taken in 
analytical applications. 
Equation 2.11 in chapter 2, shows that the 
conductance change, hence the detector response, is 
independent of the eluent ion concentration. However in 
eluent of higher concentration, the equivalent 
conductance, A, is subjected to ion-ion interactions 
effect. This leads to a d~cre~se in the effective 
. . 
conductance of the solution. Furthermo~~, in deriving 
this equation, the equivalent conductance, A, can no more 
be approximated by the limiting equivalent conductance, 
Au, which is for infinitely diluted solutions. In fact, 
equivalent ionic conductance,l, is related to A, which in 
turns is related to the square root of eluent ion 
concentration as described in the Debye-Huckel-Onsager 
equation. Therefore the relationship between AG and CB 
becomes non-linear at high ionic strength. 
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However, in this study, the perchloric acid in the 
eluent is dilute, and the concentration range is 
comparatively narrow ( 0.5 to 3.0 mmol dm- J ) to give any 
significant change in the equivalent ionic conductance. 
Ion-ion interactions effect is small, and if exist, 
should be more or less constant throughout this narrow 
concentration range. Therefore the original detector 
response is expected to be constant or slightly decease 
when increasing eluent concentration. 
In increasing acetonitrile composition in the 
eluent, ion pairs formation is favoured, and hence the 
conductance of the solution decreases as a whole. 
Some of these predictions, however, contradict to 
the observations. Reasoning based on some basic 
chromatographic phenomena is employed to explain these 
observations. 
4.2 Experimental 
4.2.1 Reagents and equipment 
The reagents, chem~cals, and equipment mentioned in 
this chapter were the same as that in chapter 3. 
The experimental conditions in this study were : the 
flow rate was at 1.00 mL/min.; injection loop of 20 ~L 
was used, and the temperature of the column and detector 
was kept at 30°C. 
4.3 Results and Discussion 
4.3.1 The Relationship between Peak Area,Peak Height, 
and Detector Response. 
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Recall from chapter 2 that, in indirect conductivity 
detection mode, the detector is a measurement of the 
charge in conductance. 
In order to demonstrate the detector response to be 
related to peak area, peak height, but independent on the 
nature and composition of the eluent, different analytes 
of 20, 40, or 80 pg mL-1 were randomly chromatographed 
with eluents of 40 v/v % acetonitrile, in 
3 mmol dm-3 potassium perchlorate or in 1.5 mmol dm-3 
perchloric acid. 
Peak heights and peak areas were found to be 
directly proportional to detector response, with square 
of correlation coefficient by linear regression equal to 
1.000 and 0.998, respectively. These relationships hold 
only for peaks with simila~ k' values. If late eluted 
peaks ( large k' ), such as ethambutol Hel is included, 
' linear relationship, especially for the peak area, may 
not be observed. It is because late eluted peaks gave 
small conductance ch~nges, small peak heights but very 
large area counts. 
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Table 4.1. Peak heights, peak areas, and detector 
responses of differeht ana1ytes. Eluent: 40 % v/v 
acetonitrile in 3 mmol dm-3 potassium perch1orate, except 
those with asterisk were chromatog~aphed with 1.5 mmo1 
dm-3 pereh10rie acid as eluent. The data of ETH are 
out1iers to the linear relationship discussed in 4.3.1. 
Ana1yte Cone. Height Area G k' 
(lIg mL-1) (Counts) (Counts) ( lIS 
BRO 20 365 11400 0.029 2.36 
PHE 20 1269 25058 0.108 1.71 
NaC1 20 1780 45668 0.144 1.83 
Li2S04 20 3715 71000 0.304 1.58 
DEX* 40 6917 148400 0.563 2.25 
DIP* 40 8983 196615 0.745 2.12 
DEX* 80 13256 288114 1.095 2.26 
DIP* 80 17139 354210 1.405 2.19 
ETH 20 3468 591392 0.242 8.08 
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4.3.2 Detector Response and eluent strength 
The chromatogram reflects the detector response 
versus time. In a chromatographic separation, the peaks 
eluted early are sharp and later peaks become broader. 
With an early eluted peak, the analyte concentration that 
passes through the detector is high and gives high 
detection response. With the broad peak eluted later, 
the concentration of analyte in the detector is low and 
gives small detector response. Furthermore, the relation 
h ~ l/{l+k') derived by Kirkland1 shows the significant 
effect of decreasing peak height with increasing k' by 
changing the strength of the mobile phase .. 
The study in chapter 3 shows that k' decreases as 
the perchloric acid concentration or the acetonitrile 
composition in the mobile phase increases. It is 
probably that this factor is superimposed to the original 
detector response. Therefore, the peak area and peak 
height counts per ~g mL-1 recorded are strongly dependent 
on the capacity factor, k' of the analyte. 
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In this study, analytes of 20, 40, and 80 ~g mL-1 
were chromatographed and the slope values were prepared. 
It is more accurate to present the effects with a 
concentration range of standards, although the 
observation from the detector response obtained from 
standards of single concentration ( eg., 20 119 mL-1 ) 
gives similar results. 
To study the effect of perchloric acid concentration 
in the eluent on detector response in terms of peak area 
an~ peak height, mobile phases of 40 % v/v acetonitrile 
in 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mmol dm-3 perchloric 
acid were prepared. Analytes of 20,40, and 80 pg mL-1 
were chromatographed with each of these eluents, and 
slopes in area counts / ~g mL-1 and height counts / pg mL-
1 were prepared. 
To study the effect of acetonitrile composition in 
the eluent on detector response in terms of peak area and 
height, mobile phases of 30, 40, 50, and 60 % v/v 
acetonitrile in 2.0 mmol dm- 3 perchloric acid were 
prepared. Analytes of 20,40, and 80 ~g mL-1 were 
chromatographed with -each of these eluents. Slopes in 
area counts / pg mL-1 and height counts / 119 mL-1 were 
prepared. 
Detector Response and Peak Area 
Figures 4.1 and 4.2 show that the slopes in peak 
area counts per ~g mL-1 of all the analytes decrease 
steadily with an increase in acid concentration in the 
eluent. This deviates from the theoretical prediction 
that the detector response should be constant, or 
slightly decrease within this range of eluent 
concentration explored. 
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From the study in chapter 3 that k' of the analyte 
peaks also decrease as acid concentration increase. In 
low eluent concentration such as 0.5 mmol dm- 3 , k' is 
large and the late eluted peak is broad and gives large 
area counts. As eluent concentration increases, solute 
elution becomes fast, and sharp peak with small k' is 
observed. It is probably that the effect of late eluting 
broad peak that gives larger area counts is superimposed 
on the original detector response to give a gradually 
decrease in detector response as eluent concentration 
increases. 
Figures 4.3 and 4.4 show slopes in peak area counts 
per pg mL-1 versus ace~onitrile composition ( % v/v ) in 
2.0 mmol dm-3 perchloric acid. The slopes of all the 
analytes decrease steadily with an increase in 
acetonitrile composition in the eluent. As the change in 
k' is small throughout the acetonitrile composition, the 
dependence of area counts on k' is small, and the effect 
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40 % Acetonitrile in HCI04 (mmol dm-3 ) v/v 
Figure 4.1. Effect of [ HelD 4 ] on Peak 
Area (Slope). 
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0.5 1.0 1.5 2.0 2.5 3.0 
40 % Acetonitrile in HelO 4 (mmol dm-3 ) v/v 
Figure 4.2. Effect of [ HCI0 4 ] on Peak 
Area (Slope). 
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30.0 -40.0 50.0 60.0 
CHaCN % v/v in 2.0 mmol dm-3 HCI04 
Figure 4.3 . . Effect of % Acetonitrile on 
Peak Area (Slope). 
-+- PRO --r PH E +- BRO --.- ETH ~ B6 
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30.0 40.0 50.0 60.0 
CH3 CN % v/v in 2.0 mmol dm-3 HCI04 
Figure 4.4. Effect of % Acetonitrile on 
Peak Area (Slope). 
-- EPH -+- DIP --.- BEN ~ ECO -+- MET 
Detector Response and Peak Height 
The observation from figures 4.5 and 4.6 is 
straightly different when detector response is observed 
as slopes in terms of peak heights. The slopes in peak 
height counts per ~g mL-1 of all the analytes increase 
abru~tly in a curve fashion then tend to level off at 
high acid concentrations, rather than constant or 
slightly decrease as predicted. 
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As acid concentration in the eluent increases, k' of 
all the analytes decrease and give earlier eluted peaks. 
The analyte concentration that passes through the 
detector becomes higher and detector response increases. 
That is, the effect of h« l/(l+k ' ) has been 
superimposed on the original detector response. Table 
3.2 of chapter 3 shows that as eluent concentration 
approaches 3.0 mmol dm- J, the changes in k' values become 
small comparing with those at 2.5 mmol dm-3, implying the 
retention of an individual analyte becomes more or less 
constant. Thus the effect of h ~ l/(l+k ' ) becomes 
constant, and the detector response tend to level off at 
high eluent concentrations. 
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0.5 1.0 1.5 2.0 2.5 3.0 
40 % Acetonitrile in HCIO 4 ( mmol dm -3 ) 
Figure 4.5. Effect of [HCIO 4] on Peak 
Height (Slope) 
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0.5 1.0 1.5 2.0 2.5 3.0 
40 % Acetonitrile in HelO 4 ( mmol dm -3 ) 
Figure 4.6. Effect of [HeIO 4] on Peak 
Height (Slope) 
-t- PRO -r PHE -+- 86 -*- EeO --.- MET 
In varying the acetonitrile composition, the 
detector response follows two general trends when 
observing the slopes in terms of peak heights. 
Figure 4.7 shows that as the acetonitrile 
composition in the eluent increases, the slopes 
corresponding to the first group of analyte ( PRO, DIP, 
BEN, BRO, ECO and MET) increase and then decrease, 
indicating a small maximum at certain acetonitrile 
composition. 
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Recall from chapter 3 that the changes in k' of 
these analytes are small but are more or less affected on 
changing the acetonitrile composition. At .low 
acetonitrile concentration peaks are eluted later, and 
the k' values of this group are small ( at approximately 
from 2.6 to 3.0 at 30 % acetonitrile) but comparatively 
higher than that at high acetonitrile composition ( at 
approximately from 1.2 to 1.4 at 30 % acetonitrile). It 
is probably that the effect of increasing peak height 
with decreasing k' mentioned is superimposed on the 
original effect of decrease in conductance change as 
increasing in acetonitrile composition. Therefore at low 
acetonitrile composition, this effect outweighs the 
decrease in conductance change and the overall detection 
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30.0 40.0 50.0 60.0 
Acetonitrile % v/v in 2.0 mmol dm-3 HCI04 
Figure 4.7 Effect of Acetonitrile % v/van Peak 
Height (Slope). 
~ PRO +- DIP ~ BEN -*- BRO -+-- ECO -.- MET 
72 
As acetonitrile composition increases, k' values are 
not only becoming small but also more or less constant, 
so h ~ l/(l+k') effect becomes small, and the decrease in 
detector response is predominantly from pure effect of 
decrease in conductance change. These two opposing 
factors combined to give a maximum in somewhere of the 
acetonitrile composition. 
Throughout the variation of acetonitrile 
composition, figure 4.8 shows that the detector response 
in terms of peak height corresponding to the second group 
( EPH, PHE, ETH, and B6 ) decreased steadily. Since k' 
values of this group are more or less constant throughout 
the variation of acetonitrile composition. Therefore the 
factor h ~ l/(l+k') is more or less constant throughout 
the acetonitrile composition studied, and the pure effect 
of decrease in conductance change may become predominant. 
Therefore, the detector responses decrease to a greater 
extent comparing with that of figure 4.7 illustrated in 




































30.0 40.0 50.0 60.0 
Acetonitrile % v/v in 2.0 mmol dm-3 HCI04 
Figure 4.8 Effect of Acetonitrile % v/v on Peak 
Height (Slope). 
--- EPH --t- PHE -*- ETH --.- 86 
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4.3.3 Detector Response and Flow rate 
Elution of the solute is influenced by the eluent 
flow rate. Faster flow-rates lead to lower elution 
volumes because the solute ions have less opportunity to 
int'eract wi th the fixed ions. 
It can be shown that the detector is concentration 
dependent rather than mass dependent under the indirect 
conductivity mode. The concentration sensitive detector 
responds to a change of mass per unit volume. The peak 
area, A, produced is flow dependent2 and is inversely 
proportional to the flow rate, F, but the mass flow rate 
sensitive type does not. Therefore a plot of A verse l/F 
should give a straight line for concentration sensitive 
detector. 
EPH, BEN, MEI, and TRY were chromatographed at flow 
rates of 0.5, 0.7, 1.0, 1.3, and 1.5 mL/min. with eluents 
of 50 % v/v acetonitrile in 1.0 mmol dm- 3 perchloric acid 
and 60 % v/v ~cetonitri1e in 1.0 mmol dm- 3 perchloric 
acid, respectively. Figures 4.9 and 4.10 show that the 
relationship between area counts of each analyte and the 
reciprocal of flow rate are linear. The square of 
correlation coefficients for all analytes equal to 0.999 
or better with both eluents. 
Under indirect conductivity detection mode, the 
detector is proved to be a concentration sensitive device 
rather than a mass flow type. 
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0.67 1.27 1.87 
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Figure 4.9:. Peak Area VS 1 / Flow rate. 
Eluent: 50 % v/v Acetonitrile in 1.0 mmol dm-3 • 
~ MEI ~ TRY --*- EPH -*- BEN 
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0.67 1.27 1.87 
1 / Flow Rate (min./mL) 
Figure 4.10. Peak Area VS 1 / Flow rate. 
Eluent: 60 % Acetonitrile in 1.0 mmol dm-3 • 
--- MEI ~ TRY --*- EPH -* BEN 
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4.4 Conclusion 
The conductance change is observed to be 
proportional to both peak area and peak height counts 
only for peaks with similar retention. It is independent 
of'the nature, composition and concentration of the 
eluent. 
Effect of perchloric acid concentration and 
acetonitrile composition of the eluent on detector 
response has been studied. The basic chromatograph 
phenomenon where the area and height of a peak are 
affected by the capacity factor (k') are superimposed on 
the original detector response. 
Furthermore, the detector under indirect 
conductivity mode was concentration sensitive rather than 
mass flow dependent. 
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1) Kirkland, J. J ., Analys·t (London), 1974, 99, p. 859. 
2) Bakalyar, R.S., and Henry, R.A., J. Chromatogr., 
1976, 126, p.327-345. 
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Chapter 5. 
Determination of Benzhexol Hydrochloride and Ethambutol 
Hydrochloride tablets by HPLC 
5.1 Introduction 
Benzhexol hydrochloride tablets, useful for the 
therapy of all forms of parkinsonism1,2, contain 90.0 to 
110.0 % of the prescribed or stated amount of benzhexol 
hydrochloride3• 
Ethambutol hydrochloride, in conjunction with at 
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least one other antituberculous drug, is used for the 
treatment of pulmonary tuberculous·,5. Ethambutol tablets 
contain 95.0 to 105.0% of the prescribed or stated amount 
of ethambutol hydrochloride6,7 • 
There are three stereomers for N,N-ethylenebis 
(2-aminobutan-l-ol)dihydrochloride, the (+)isomer, the 
(-)isomer, and the optically inactive meso form. 
Individual isomers can differ considerably in their 
pharmacological activity and the drug metabolism is 
strictly stereoselective: The (+)isomer has the most 
therapeutical activity 8,9 and is used in pharmaceutical 
products. Ethambutol is the approval name 10 for this 
(+)isomer. 
Table 5.1. Formulae, common and chemical names of 
1. benzhexol HCl and 2. ethambutol HC1. 
1) 
Common Name 
· Benzhexol Hydrochloride 














I Chemical Name 
· 
(R)-2,2 -(1,2-ethanediyldiimino) 
· bis-I-butanol dihydrochloride 
Formula 




Existing methods for the determination of benzhexol 
hydrochloride and ethambutol hydrochloride in tablets 
involve tedious procedures, wet-chemistry technique of 
the analyst, hardship in solvent extraction or expensive 
solvent. There are several methods such as : 1. formation 
of yellow-coloured compound followed by visible 
absorption spectrophotometry3; 2. non-aqueous titration; 
or 3. gas chromatographyll at column temperature close to 
the decomposition of the drug. 
Despitebenzhexol hydrochloride has low UV 
absorptivity, methods based on C18column and direct uv 
detection have been recently reported12 ,13. However, the 
absorption at 210 nm is quite close to the cut off 
wavelength of acetonitrile and methanol. As the eluent 
and sample solution are nearly all organic solvents, 
larg~ amount of high purity solvent with low absorption 
is required. Moreover, basic drugs, being amine in 
nature, may be ionised to a certain extent in this medium 
and interact ,strongly with the residual silanol groups in 
the silica based support of the stationary phase. This 
will cause excessive 4 retention, and give broad tailing 
peaks. The strategy is to increase the flow-rate, and to 
the mobile phase add a small amount of alkylamine which 
acts as a competing base and preferentially interact with 
the polar silanol groups to much greater extent. 
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Ethambutol hydrochloride does not have any 
significant UV or visible absorption in the commonly used 
solvent systems H . The interaction of the dissolved 
ethambutol hydrochloride to the silica based support of 
the stationary phase is very severe because the 
ethambutol molecule is highly charged when dissociates. 
This rules out any method based on ordinary HPLC with 
direct UV detection. Aqueous 15 and non-aqueous 
ti trations6, 7 seem to be the best choice , despite its 
tedious procedures, hardship in solvent extraction, and 
dependent on wet-chemistry technique. 
Methods based on direct trimethylsilylation followed 
by GCMS 16 , formation of trifluoroacetyl derivative17 ,18 or 
trimethylsilyl derivative19 ,20,21,22, and analysed by gas 
chrdmatography have also been reported. 
Other methods that can be modified to · assay the drug 
are : Separation of the ethambutol isomers by 
derivatives~ followed by chiral chromatography and UV 
detection23 : formation of a yellow-colour compound 
followed by visible spectrophotometry as described in the 
dissolution test in-the United states Pharmacopoeia7• 
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In the proposed method, the tablets are grounded 
into fine powder followed by solvent extraction and 
centrifugation. The extract is then injected to the HPLC 
instrument through a 2~m filter. The active ingredient 
is separated from the excipients when eluting through the 
CN stationary phase and is subsequently detected by 
indirect conductivity method. 
The analytical procedures are simple, easy, with 
comparatively less sample pretreatment process, and also 
less wet chemistry technique that may be dependent on the 





The water used in preparing all the reagents and 
eluent was distilled, deionized and further treated with 
a Milli-Q50 reagent-grade water system. Acetonitrile and 
Methanol were the HPLC grade from Mallinckrodt ( Chrom AR 
) and Riedel~deHaen ( Chromasolv A.R.). Benzhexol 
hydrochloride, ethambutol hydrochloride, and isoniazid 
were from Sigma. (+)-2-Aminobutan-l-ol was from Aldrich. 
Perchloric acid (70-72%) was from Merck. 
The reagents used in the counter-check method were : 
sodium dihydrogen orthophosphate, anhydrous disodium 
hydrogen orthophosphate, potassium hydrogen phthalate, 
bromocresol purple, chloroform, sodium hydroxide, 
ethanol, glacial acetic acid, perchloric acid (70-72%), 
acetic anhydride, methyl orange, I-naphtholbenzein, were 
the GR grade . from Merck. 1.0 M Sodium hydroxide 
(volumetric standard) was from BDH. 
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5.2.2 Equipment 
The chromatographic system comprised a Waters 540 
pump, with an eluent reservoir, a pump pulse dampener, a 
Rheodyne 7010 sample injection valve equipped with a 7012 
loop filler port and a 20 pL sample loop, a Beckman 
Ultrasphere 5 ~m 80 A pore cyano stationary phase column 
( 4.6 mm x 25 cm ), a Wescan reM conductivity detector, 
and a Beckman 427 ,integrator. The column and 
conductivity detector were kept at 30°C. A Hitachi U-
2000 spectrophotometer was ' used in the counter-check 
procedures. The sample solutions were filtered with 
Acodisc of Gelmen Science, with maximum pore size of 0.2 
pm before injection. 
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5.2.3 Samples 
The brands that are commonly available and 
accessible in local pharmacies were chosen. The trade 
names, manufacturers, and active ingredient per tablet 
are shown in table 5.2. 
Table 5.2. The trade names, manufacturers, and active 
ingredient of some benzhexol hydrochloride tablets 
commercially available. 
Trade Name Manufacturer Active Ingredient 
per tablet 
Artane Lederle (U.S.A.) 2 and 5 mg 
Benzhexol tablet Synco (H. K. ) 2 mg 
Benzhexol tablet Sunwards Pharmaceutical 2 mg 
(Singapore) 
~\~/ 
~ '." • , I 
Table 5.3. The trade names, manufacturers, and active 
ingredient of some ethambutol hydrochloride tablets 
commercially available. 
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Lederle (U. S .A. ) 








The 200 mg Myambutol-INH-B6 tablet of Lederle contains 
100 mg Isoniazid and 20 mg vitamin B6 in addition to 200 
mg ethambutol HC1. 
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5.2.4 Preparation of Reagent and Standard 
1.00 M perch10ric acid for the preparation of the mobile 
phase 
The concentrate perchloric acid, with percentage 
determined by acid-base titration, was 70.65 % v/v. The 
1.00 M perchloric acid was prepared and standardised with 
sodium hydroxide and methyl orange as indicator . 
. 0.1 M anhydrous perchloric acid for non-aqueous titration 
0.1 M anhydrous perchloric acid was prepared, and 
standardised24 before using each time, with potassium 
hydrogen phthalate and l-naphtholbenzein as indicator. 
This ensures that the concentration does not change 
significantly regardless the acid absorbs moisture. 
Working standards 
A 400 ~g mL-1 Benzhexol hydrochloride standard in 
eluent was prepared, and subsequently diluted to 2, 4, 
10, 20, 40, 80, 200, and 320, pg mL-1 with eluent. 
Similarly, 10, 20, 40, 100, 200, and 400 ~g mL-1 
standards were prepared by dilution of the 2000 pg mL-1 
ethambutol hydrochloride stock solution. 
" f a 
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5.2.5 Sample Preparation and determination 
30 tablets were' grounded to powder after taking the 
average tablet weight. 
Benzhexol hydrochloride 
To a quantity of the powder containing 4 to 5 mg of 
benzhexol hydrochloride, 10 mL of water was added and 
, ' 
ultrasonicated for 5 minutes. Then 20 mL of methanol was 
added and ultrasonicated for further 20 minutes with 
occasion swirling. 
After cooling to room temperature, the solution was 
made up to 50.00 mL with water. About 20 mL of the 
solution was centrifuged. 10.00 mL of the clear portion 
of this solution was made up to 50.00 mL with the eluent. 
-n ' " . 
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Ethambutol hydrochloride 
To a quantity of the powder containing 100 mg of 
ethambutol hydrochloride, 10 mL of water was added and 
ultrasonicated for 5 minutes. 50 mL of mobile phase was 
added and ultrasonicated for further 10 minutes with 
occasion swirling. 
After cooling to room temperature, the solution was 
made up to 100.00 mL with the mobile phase. About 20 mL 
of the solution was centrifuged. 10.00 mL of the clear 
portion of this solution was made up to 50.00 mL with the 
eluent. 5.00 mL of this diluted solution was further 
made up to 50.00 mL with the eluent as the final sample 
solution. 
In both ' cases, the final solution was filtered 
through a filter with a maximum pore size of 0.2 ~m, and 
was introduced to the injection valve with a syringe. 
5.3 Result and Discussions 
5.3.1 Sample Treatment and Extraction of Active 
Ingredient (5) 
In many HPLC methods, the mobile phase is used for 
dissolving the active ingredients from the matrix, 
followed by filtration or centrifugation and then 
injected directly. 
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However, in the analysis of tablets, small amount of 
water should · first be added to ,'=nsure the complete 
dissolution of the tablet powder. It is because in 
solvent system of high organic content, the tablet powder 
does not break down effectively and this affects the 
release of the active. ingredient. 
In order to increase assay precision, the precision 
of the non-instrument parts of the method process must be 
improved. To reach this goal, analytical methods with 
less sample pretreatment steps are desired. Therefore, 
not only the analysis time required is decreased, 
accuracy and ruggedness 25 are increased also. 
After sample treatment, there are still many 
additives and excipients dissolved in the extract 
solution besides the active ingredient. Therefore, a 
separation process is required and this can be achieved 
by a HPLC column. A successful separation process 
depends on the nature of the stationary phase and mobile 
phase. 
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5.3.2 Explanation of Chromatograms 
Benzhexol HCl 
Figure 5.1 shows chromatographs of standard and 
sample solutions at 20 ~g mL-1• In the sample 
chromatogramB, the peak at 14.48 minutes corresponds to 
the presence of calcium ion that is probably added as a 
suspending agent or tablet binder. This was confirmed by 
collecting the corresponding portion of eluent emerging 
from the detector, evaporating the ~olvent, and tested 
according to the British Pharmacopoeia26 • The peak size, 
hence the amount of Ca2+ present was observed to vary for 
different brands of tablets. A choice of optimum 
chromatographic condition can prevent overlapping between 
the analyte and the calcium peak. 
Ethambutol HCl 
Any calcium or sodium ions that may present in the 
tablet will elute early and do not interfere with the 
analyte peak. However, ethambutol hydrochloride in the 
tablets may decompose and give (+}-2-Aminobutan-l-ol. In 
the proposed method, (+}-2-Aminobutan-l-ol can be 
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Figure 5.1. Chromatograms of benzhexol Hel. A) 20 ~g mL- l 
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Chromatograms of ethambutol Hel. ~) 20 ~g mL-1 
-I B) Sample solution with about 20 Ug mL -
ethambutol HC1. 
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Polyvinylpyrrolidone (PVP) is used as a binding and 
dispersing agent in the tablets. An injection of 200 
pg mL-1 standard in mobile phase gave early eluted peaks 
and no peak was observed from about 3 to 45 minutes. 
During the purchase of tablet samples from local 
pharmacies, an uncommon formulation of Myambutol tablet 
called Myambutol-INH-B6 manufactured by Lederle was 
found. The active ingredients of this tablet contains 
200 mg of ethambutol HCl, 100 mg of isoniazid, and 20 mg 
of vitamin B6. 
Isoniazid is a kind of antituberculous drug that can 
be use in conjunction with ethambutol HCI for the 
treatment of tuberculosis. The formulation of this 
tablet, facilitates the treatment when both drugs are 
used together. It is not feasible to assay the 
percentage of ethambutol hydrochloride in this 
formulation by methods from prominent pharmacopoeias, 
because isoniazid also consumes the titrant" -- perchloric 
acid in nonaqueous titration. 
The ethambutol hydrochloride can be conveniently 
assayed by the proposed method, because isoniazid and 
vitamin B6 have shorter retention times. 
96 
5.3.3 Choice of Experimental Conditions 
Choice of Column 
C-18 and eN bonded phase columns were tested for the 
separation of the analytes with indirect conduction 
detection. With the 5 pm C-l8 bonded column, no peak was 
observed for eluting 45 minutes except those less than 
two minutes. Analyte peak may expect to be observed when 
Mobile phase of less polar ( high organic modifier 
content ) than with water can be used. In fact in BP 1988 
addendum 199212 , the organic modifier (acetonitrile) as 
high as 80 %· and with flow rate 2 mL/min. are required 
for a reasonable retention. 
The disadvantages mentioned above can be alleviated 
by using a cyano group column. This weak polar cyano 
group, together with the short hydrocarbon chain allows 
a mixed mechanism of separation, and gives reasonable 
retention times for benzhexol HCl and ethambutol HCl when 
operating at optimum conditions. 
Flow Rate 
By increasing flow rate, all the observable peaks 
decreased retention significantly, and smaller peak 
widths were observed. 
Flow rate of 1 mL/min was chosen for analysing 
benzhexol hydrochloride, since satisfactory peak shape 
and retention time was observed when using optimised 
mobile phase system. 
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Even with 2.0 mM perchloric concentration in the 
mobile phase at 1.0 mL/min, the peak shape of ethambutol 
. hydrochloride was broad and k' equals to 5.18 (not 
between 2 and 5). As column back pressure increases with 
flow rate, at 2.0 mL/min., the back pressure was high and 
the analyte peak was eluted early . . Flow rate at 1.5 
mL/min. gave satisfy peak shape, with k' = 3.61 was 
chosen. 
Concentration of Perchloric Acid in Mobile Phase 
20 pg mL-1 of benzhexol HCI, ethambutol HCI, and 
calcium chloride were chromatographed to the system with 
mobile phases of 50 and 30 % v/v acetonitrile in 
perchloric acid of concentration at 1.0, 1.5, and 2.0 
mmol dm-3 • Capacity factors <k ' ) were calculated from 
the retention data. 
Table 5.4. shows that acid concentration of 1.5 
mmol dm-3 was the mos~ optimum, as k' of benzhexol HCl 
and Ca2+ peaks were between 2 to 5. 
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Table 5.4. Capacity Factors, k', oi 20 pg mL-1 benzhexol 
HCl, ethambutol HCl, and calcium chloride using eluents 
of 50, and 30 % v/v acetonitrile in 1.0, 1.5, and 2.0 
mmol dm-3 perchloric acid. 
Capacity factor 
HClO4 BEN ETH 
(mmol dm- 3) Analyte Ca2+ Analyte 
1.0 3.86 · 13.66 
1.5 2.80 4.85 5.95 
2.0 1.93 3.27 3.61 
The comparatively highly charged ions dissociated 
from ethambutol HC1 were more retained with broad and 
tailing peak, 1.5 mmol dm- 3 at 1.5 mL/min., with k' = 
5.95 did not give satisfactory observation, so acid 
concentration at 2.0 mmol dm- 3 with analyte eluted at k' 
equals to 3.61 was chosen, in view of chromatographic 
response, peak shape, analysis time required, and 
economy_ At acid concentration greater than 2.0 mM, the 
detector response observed in terms of peak height became 
very high, and noisy baseline was observed. 
Percentage'Composition of Acetonitrile in mobile phase 
20 pg mL-1 standards of benzhexol hydrochloride, 
ethambutol hydrochloride, and calcium chloride were 
chromatrographed, with mobile phases of 30, 40, 50, and 
60 % v/v of acetonitrile in 1.5 and 2.0 mmol dm-3 
perchloric acid. 
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Table 5.5 shows the retention of benzhexol 
hydrochloride decreased with an increase in percentage of 
acetonitrile in the mobile phase, while ethambutol 
hydrochloride was slightly affected. It is because the 
dissociated benzhexol hydrochloride molecules are 
subjected to higher hydrophobic interaction than that of 
ethambutol hydrochloride in this chromatographic 
environment. In fact benzhexol hydrochloride bears 
comparatively large hydrophobic group with unsaturated 
ring structure, while ethambutol hydrochloride is 
comparatively simple in structure. 
At lower organic modifier composition, the retention 
of benzhexol hydrochloride was increased and approached 
to the Ca2+ peak behind, resulting in poor resolution. 
Furthermore,benzhexol hydrochloride in the tablets 
cannot be effectively dissolved in solution of high 
aqueous content. 
At 45 % acetonitrile composition, the benzhexol He1 
peak and Ca2+ peak were very close together, with k' 
equal to 3.58 and 4.59 , respectively. 
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At higher acetonitrile content, 60 % for instance, 
enough resolution was attained, but the detector response 
decreased apparently, and the cost of analysis increased 
with more organic solvent. Therefore, the composition of 
the mobile phase was chosen to be 50 % acetonitrile in 
perchloric acid. 
Ethambutol hydrochloride dissolves well in solution 
of high aqueous composition. Table 5.5 shows that its 
retention was relatively unaffected by acetonitrile 
composition. Therefore, 30 % v/v acetonitrile in 
perchloric acid was chosen. 
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Table 5.5. Capacity factors, k', of 20 pg mL-1 benzhexol 
HCI, ethambutol HCl, and calcium chloride using eluents 
of 30 to 60 % v/v acetonitrile in 1.5, and 2.0 mmol dm-3 
perchloric acid, respectively. 
Capacity factor 
CH3CN BEN ETH (% v/v) 
Ca2+ Analyte Analyte 
30 3.67 
40 3.57 
45 3.58 4.59 
50 2.80 4.85 3.35 
60 2.75 6.03 3.39 
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5.3.4 Linear Dynamic Response 
The relationship between detector response in terms 
of area and standard concentration was analysed by a 
series ' of benzhexol Hel and ethambutol He1 standards with 
concentrations ranging from 50 to 150 % of the amount in 
actual samples so1ution27 • 2, 4, 10, 20, 40, 80, 200, 
320, and 400 pg mL-1 benzhexol hydrochloride and 10, 20, 
40, 100, 200, 400, 500, 600, and 800 pg mL-1 ethambutol 
hydrochloride were injected. By linear regression 
analysis, linear relationships between peak area and 
standard concentration were observed with square of 
correlation coefficients ( coefficient of determination 
equal to 0.999 and 1.000 for benzhexol Hel and ethambutol 
Hel, respectively. 
5.3.5 Sensitivity 
The sensitivity of a technique is defined as the 
slope of the calibration graph. Calibration graphs of 
benzhexol hydrochloride and ethambutol hydrochloride with 
standard concentrations 10, 20, and 40 pg mL-1 were 
performed in different-days with the square of 
correlation coefficient ( coefficient of determination 
equals to 0.999 and better, and averaged slope of 5073 
and 9951 area counts per pg mL-1, respectively. 
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5.3.6 Analysis Results 
Analysis of benzhexolHCl and ethambutol HCl with 
methods according to pharmacopoeias were performed to 
counter-check the proposed method. 
Counter-check method for benzhexol Hel was according 
to the British Pharmacopoeia 19883, while ethambutol 
hydrochloride was according to BP 19886 and Chinese 
Pharmacopoeia28 . It is because the British Pharmacopoeia 
alone cannot conveniently assay all brands of ethambutol 
tablets. Th~ problems arose will be discussed in section 
5.3.11. 
At least three stock solutions of both drugs 
according to the proposed method were individually 
prepared. Final solutions were diluted from each stock 
solution and replicates for HPLC determinations were 
performed. Data of mean assay, standard deviations, and 
relative standard deviations are shown in appendix 6 and 
7. 
Table 5.6 and 5.7 show the 95 % confident limit for 
the analytes concentrations calculated from the well 
known statistic equation when the number of determination 
'is small : 
. ~ = x ± t(~} 
vn 
with n is number of determinations. The standard 
deviation, S, and t parameter are at n-l degree of 
freedom. Other terms are having their usual meaning. 
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Table 5.6. Analysis of benzhexol Hel tablets with 
proposed and standard method. The trade names, and 
manufacturers ( in parenthesis) of the tablets are 1, 
Benzhexol 2 mg (Sundwards); 2, Artane 2 mg (Lederle); 3, 
Artane 5 mg (Lederle); 4, Benzhexol 2 mg (Synco). Last 
column shows the assay differences of the two methods. 
Proposed Method Counter-check Method 
A Assay 
No. of Assay No. of Assay Value 
Analyte Trial ·(mg/tab. ) (%)* Trial (mg/tab. ) (%)* (mg/tab. ) 
1 6 1.98±0.03 99.1 4 1.9S±0.02 97.S +0.03 
2 6 1.97±0.02 98.S 4 1.94±0.OS 97.0 +0.03 
3 S 4.86±0.OS 97.2 4 4.91±0.08 98.2 -O.OS 
4 9 2.02±0.02 101.0 4 1.97±0.02 98.S +0.05 
* Percentages of the listed values. 
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Table 5.7. Analysis of ethambutol hydrochloride tablets 
with proposed and standard methods. The trade names, and 
manufacturers ( in parenthesis ) of the tablets are : 1, 
Myambutol 100 mg (Lederle); 2, Myambutol-INH-B6 200 mg 
(Lederle); 3, Myambutol 400 mg (Lederle); 4, Ethambutol 
400 mg (Ashford). 5, Ethambutol 400 mg (Labatec). Last 
column shows the assay differences of the two methods. 
Proposed Method Counter-check Method 
A Assay 
No. of Assay No. of Assay Value 
Analyte Trial (mg/tab. ) (%)* Trial (mq/tab. ) (%)* (mg/tab. ) 
1 4 101.O9±1.73 99.1 4 97.77±1.70 97.5 +3.32 
2 3 196.89±4.69 98.5 Not Performed 
3 3 399.12±9.06 97.2 4 390.91±6.41 98.2 +8.21 
4 3 391.29±8.52 100.7 4 402.12±14.87 98.5 -10.83 
5 3 399.07±12.79 100.7 4 392.72±5.04 98.5 +6.35 
* Percentages of the listed values. 
, -
Counter-checking of ethambutol HCl in Myambutol-INH-
B6 200 mg tablet was not feasible with the existing 
methods in major pharmacopoeias, because the isoniazid 
present would also consume the titrant in the non-aqueous 
titration. 
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5.3.7 Comparison of Results from the Methods 
Paired t-test is employed to compare the proposed 
method with the standard one, to estimate if systematic 
errors are significant. This method is suitable for 
studying test samples containing substantially different 
amounts of analytes. For each brand of tablets, the 
assay difference between the proposed and counter-check 
methods was obtained. Mean and standard deviation were 
calculated from these differences in all brands. 
Two-tailed F-test was employed to test whether the 
proposed and standard methods differ significantly in 
their precision. Each brand of tablet was repeatedly 
analysed by both proposed and standard methods, and the 
standard deviations from each method were obtained. The 
random errors of the proposed method and the standard 
method were retrieved by studying the standard deviations 
for the two sets of data. 
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Detection of Systematic Errors in Analysing Benzhexol Hel 
The mean and standard deviation of the assay 
difference, were calculated from data in the last column 
of table 5.6. 
Mean of difference, Xd = +0.02 
Standard deviation of difference, Sd = 0.04 ; 
with n = 4 
Adopting the null hypothesis that there was no 
significant difference in the mean values analysed by the 
proposed and standard methods. 
From the equation , where t has 
(n-l) degrees of freedom. It I was calculated and equals 
to 1.00, which was less than the critical value of 3.18 
(P=0.05) obtained from the statistic table. 
The null hypothesis was retained, meaning that 
analysis of benzhexol Hel tablets by both proposed and 
standard methods did not give significantly different 
results. 
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Detection of Random Errors in the Analysis of Benzhexol 
HCI 
Two-tailed F-test is used to test whether the 
proposed and standard methods differ significantly in 
their precision. 
Assuming that the variances of the two methods do not 
differ significantly. 
, where Sp an~ Ss are the 
standard deviations of the proposed and standard methods. 
The np and ns are the numbers of determinations by the 
proposed and standard methods minus one. 
F value of each brand of tablet was calculated and 
compared with the critical values obtained from the 
statistic table. 
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Table 5.8. 'Standard deviations, and F values of 
benzhexol HCI tablets analysed by standard and proposed 
methods. The trade name and manufacturers ( in bracket 
of the tablets are: 1, Benzhexol 2 mg (Sundwards); 2, 
Artane 2 mg (Lederle): 3, Artane 5 mg (Lederle); 4, 
Benzhexol 2 mg (Synco). 
Proposed Method Standard Method F value 
Analytes S.D. No.* S.D. No.* (Calc) (Table) 
1 0.03 6 0.01 4 9.00 F5,3=14. 88 
2 0.02 6 0.03 4 0.44 F5,3=14.88 
3 0.04 5 0.05 4 0.64 F4,3=15.10 
4 0.02 9 0.01 4 4.00 FS,3=14. 54 
* number of determination 
For each brand of tablet, the calculated F value was 
less than the critical value at the 5 % level, meaning 
that there was no significant difference in precision 
between the proposed and standard methods at the 5 % 
level. 
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Detection of Systematic Errors in Analysing Ethambutol 
HCl 
The mean and standard deviation of the assay 
difference were calculated from the last column of table 
5.7. 
The mean difference, Xd = +1.76 
The standard deviation, Sd = 8.63 : with n = 4 
Adopting the null hypothesis that there was no 
significant difference in the mean assay concentrations 
given from the analytical results by the two methods. 
The mean of the differences were tested whether they 
differed significantly from zero. 
By using the equation , where t 
has (n-l) degrees of freedom. It I was calculated and 
equaled to 0.41, which was less than the critical value 
of It I = 3.18 (P=O.05), obtained from the statistic 
table. 
The null hypothesis was retained, meaning that 
analysis of ethambutol HCl tablets by the proposed and 
standard methods did not give significantly different 
results. 
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Detection of Random Errors in the Analysis of Ethambutol 
Hel 
Two-tailed F-test was employed to test whether the 
two methods differed in their precision. All brands 
except Myambutol-INH-B6 tablet were chosen and their 
standard deviations from the standard method and the 
proposed method were compared. 
Assuming that the variances of the two methods did 
not differ significantly. 
· 2 2 h S1nce Fnp' ns = S P / S s' where Sp and Ss were t e 
standard deviation of the assay values by the proposed 
and standard methods. The np and ns were the number of 
determinations by the proposed and standard methods minus 
one. 
F value of each brand of tablet was calculated and 
compared with the critical values obtained from the 
statistic table. 
The critical values from table of two tailed F test 
were higher than the corresponding calculated value. 
Therefore there was no significant difference between the 
two variances, meaning that no significant difference in 
precision between the proposed and standard methods at 
the 5 % level. 
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Table 5.9. Standard deviations, and F values of 
ethambutol HC1 tablets analysed by standard and proposed 
methods. The trade names and manufacturers ( in bracket 
) of the tablets are: 1, Myambutol 100 mg (Lederle); 2, 
Myambutol 400 mg (Lederle); 3, Ethambutol 400 mg 
(Ashford). 4, Ethambutol 400 mg (Labatec). 
Proposed Method Standard Method F value 
Analytes S.D. No. * S.D. No. *- (Calc) (Table) 
1 1.09 4 1.07 4 1.04 F3,3=15. 44 
2 3.65 3 4.03 4 0.82 F2,3=16. 04 
3 3.43 3 9.35 4 0.13 F2,3=16. 04 
4 5.15 3 3.17 4 2.64 F2r3 =16. 04 
* number of determination 
5.3.8 Precision and Accuracy 
Precision 




The system precision is determined by analysing a 20 
pg mL-1 standard solution six times. The relative 
standard deviation of the six chromatographic responses 
should not be greater than 1.5 %29. Table 5.10 shows 
the individual results for six injections of benzhexol 
Hel and ethambutol Hel standards, respectively. The 
average results from six analysis of benzhexol Hel and 
ethambutol Hel were equal to 19.62 and 19.86 pg mL-1, 
respectively. The standard deviations equal to 0.24 and. 
0.21, corresponding to the relative standard deviations 
of 1.2 and 1.03 %, respectively, which were not greater 
than 1.5 %. Hence, a good system precision is observed. 
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Table 5.10. Peak areas and calculated concentration 
-1 
values for six injections of 20 pg mL - of benzhexol HCl 
and ethambutol HC1. 
Benzhexo1 HCl Ethambutol HC1 
Area Conc. Area Conc. 
(Counts) -1 pg mL" (Counts) pg mL-1 
100032 19.44 198092 19.50 
102655 19.95 195633 19.51 
101865 19.80 201308 20.40 
99371 19.31 198402 19.41 
100525 19.54 200775 19.41 
101352 19.70 199413 19.53 
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Method Precision 
For method repeatability that includes sample 
pretreatment, a relative standard deviation not greater 
than 2 % 29 should be obtained by replicates of a 
representative sample. 
Nine sample stock solutions ( prepared from Benzhexol 
tablet 2 mg of Synco - H.K. ) were individually prepared 
and analysed. The mean and standard deviation as shown 
i~ appendix 8 were 2.01 mg/tab, and 0.02, respectively. 
The relative standard deviation was therefore 0.99 % . 
For ethambutol Hel, four replicates on the sample ( 
Myambutol tablet 100 mg from Lederle - USA ) were 
performed. The mean and standard deviation as shown in 
appendix 8 were 101.09 mg/tab, and 1.09 respectively. 
The relative standard deviation was equal to 1.08 %. 
Good method precision of the proposed method have 
been observed for both drugs. In fact, all other brands 
of benzhexol Hel and ethamputol Hel tablets also gave 
relative standard deviations less than 2 %. 
116 
Precision of Sample Preparation 
The precision of ' the sample preparation can be 
calculated in the knowledge of the method precision, am' 
and the system precision, as. The precision 
characteristic of the sample preparation, 0p' can be 
calculated from 
= . ( a )2 + (a )2 
m s 
For benzhexol HCl, 0 1 and as equal to 0.02 and 0.24, 
respectively. Therefore, 
= (0.02)2 + (0.24)2 
== 0.24 
For ethambutol HCl, am and as equal to 1.09 and 0.21, 
respectively. Therefore, 
( 0p ) 2 = ( 1 . 09 ) 2 + ( 0 . 21 ) 2 
(op = 1.11. 
Good Sample preparation precision are observed in 
both cases, indicating satisfactory sample preparation 
procedures are established. 
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5.3.9 Effect of Methanol Content on the Chromatographic 
Behavior in Analysing Benzhexol HCl 
In sample extraction process of the proposed method, 
8 % v/v of methanol was added to facilitate the 
extraction process. Since the matrix of sample solutions 
injected differed from that of the standard which was in 
mobile phase, this might affect the chromatographic 
process. Therefore, a significance test was established 
to see if the conditions of the extraction process would 
affect the assay result. 
20 pg mL-1 standard in mobile phase and in solution of 
8 % methanol in mobile phase, respectively were both 
injected six times. The results were tabulated in table 
5.11. 
Table 5.11. 20 pg mL-1 standard of benzhexol Hel in 
mobile phase and 20 pg mL-1 standard with 8 % methanol 
in mobile phase. 
Standard Standard with MeOH 
Area Conc. area Conc. -1 
(Counts) pg mL-1 (Counts) pg mL 
100032 19.44 100336 19.50 
102655 19.95 100378 19.51 
101865 19.80 104981 20.40 
99371 19.31 99878 19.41 
100525 19.54 99876 19.41 
101352 19.70 100497 19.53 
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The mean, x and variance, s2 for the two process were 
l} Mobile phase only 
Xl = 19.62 , S 2 = {0.24)2 1 . 
2} Mobile phase with 8 % v/v of methanol 
X2 = 19.63 , 
with nl and n2 =6 
The null hypothesis was adopted that adding methanol 
to the extraction process had no effect on the 
chromatographic process. 
Since 8 2 = {{nl - I} S1 2 + (n2 - I) S22} ·/ ( nl - n2 - 2 
Substituting all the parameters, 
82 = ( 5x 0.242 + 5 x 0.382 ) / 10 
8 = 0.32 
Also t = ( Xl - X2 ) / S {( l/nl + 1/n2 ) 
Substituting all the parameters, 
t = ( 19.62 - 19.63 ) / 0.32 f( 1/6 + 1/6 ) 
= -0.05 
Degrees of freedom of t = ( n1 + n2 -2 ). Therefore, 
there were 10 degrees of freedom and the critical value 
of It I from statistic table was 2.23 P=0.05 }. The 
observed value of It I = 0.05 was much less than the 
critical value, s6 the null hypothesis was retained 
there was no evidence that the addition of methanol in 
the solutions injected would affect the chromatographic 
5.3.10 Discussion On the Pharmacopoeia1 Assay of 
Benzhexol Hydrochlo~ide 
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1) In the early trial of the proposed method, eluent was 
added to extract the active ingredient in the tablet 
powder instead of the water-methanol mixtures. After 
ultrasonication, the sample solution was clear, with tiny 
white granules. This observation shown that the tablet 
powder could not be disintegrated in the eluent because 
the binder in the tablet tended to dissolve in solution 
with high aqueous content. Moreover, after subsequent 
dilution and determination, the assay was much lower than 
the labeled percentage. 
It is because the tablet powder can be more 
effectively disintegrated in solution of higher aqueous 
content than lower one. Therefore, small amount of water 
should be applied to dissolve the binder first and then 
methanol can be added to extract or at least to help the 
Benzhexol hydrochloride distribute uniformly in the 
analyte solution. 
2) Subsequently, procedure according to the British 
Pharmacopoeia 19883 -for sample preparation was adopted. 
In order to dissolve the binder in the tablet powder, 
2+l5 · methanol/water was used to prepare the sample 
solution. After ultrasonication, the solution appeared 
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turbid, with fine white precipitate. It seemed that some 
of the excipients in the tablet were effectively 
dissolved. This sample solution was centrifuged and 
analysed both by the proposed method and the one 
according to in BP 1988, but the result was still much 
lower than the labeled percentage. From this 
observation, it seemed that the tablet powder was 
effectively disintegrated but it was doubtful whether 
benzhexol hydrochloride could be effectively extracted 
and dissolved in the methanol water system as described 
in the British Pharmacopoeia. 
It is doubted that, the methanol-water (2+15) can 
effectively extract the analyte from the binder, and help 
to uniformly distribute the analyte solute after 
ultrasonication. However, the sample solution was 
further made up to 500 mL with water, diluting the 
methanol-water content from 2+15 to 2+50, therefore the 
analyte might not be completely dissolved. 
In fact, the sample preparation procedure has been 
changed in the BP 1992 addendum12 • The methanol content 
has been increased significantly comparing with the 19883 
edition. 
If the analyte had not been extracted into the 
. sa'mple solution, the BP method would not have been valid 
Later, it was noticed from the paragraph of the 
British Pharmacopoeia that sample filtration before 
solvent extraction was not mentioned. 
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When the methanol content was low, benzhexol 
hydrochloride may only be distributed in the solution but 
may not be dissolved effectively. Therefore, some 
undissolved benzhexol hydrochloride may be lost after 
filtration or centrifuge. Consequently, the analytical 
result of the sample solution becomes low. 
In the BP 88 method employing solvent extraction, the 
methanol content is low because methanol can be dissolved 
in both chloroform and aqueous phase, resulting that 
benzhexol hydrochloride cannot be effectively extracted 
into the chloroform layer. However, high methanol 
content does not affect the proposed method because the 
chloroform extraction is not required. 
It can be concluded that small amount of water must 
first be added to disintegrate the binder in the tablet 
powder before methanol is added. Higher methanol content 
provides a better extraction for the active ingredient 
adsorbed on the tablet binder than the lower one. 
5.3.11 Various Factors Influencing the Pharmacopoeial 
Assay of Ethambutol Hydrochloride Tablets 
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There are great difficulties in using solvent 
extraction and non-aqueous titration method described in 
many pharmacopoeias. These methods, originated in the 
same principles and similar operation procedures, are 
tedious, requiring great precaution and good technique. 
Furthermore the assay precision is low that large 
. deviation from the percentage of claimed may resulted. 
The following paragraphs discuss the factors that lead to 
these shortcomings. 
The most common difficulties encountered in the 
method of non-aqueous titration described in 
pharmacopoeias are problems in solvent extraction (large 
amount of emulsion is formed), problems in solvent 
evaporation, and difficulty in end point observation. 
1) Problems in solvent extraction : 
It was observed that during solvent extraction, a 
severe emulsion was· observed, especially from samples of 
the 400 mg/tablet type. There is great difficulty in 
applying method from British Pharmacopoeia4, and the 
analysis results were lower than that of the nominal 
values. 
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This may be due ,to the presence of the binder and 
emulsifier in the tablet. In fact, polyvinylpyrrolidone 
(PVP) is used as a binding and dispersing agent in the 
tablets. From the study of Tju Lik Ng30 , the presence 
of PVP caused ethambutol to be slightly over-estimated 
and also reduced the sharpness in the end-point 
determination. 
The presence of PVP would induce a considerable 
amount of emulsion. Although as mentioned in Tju Lik 
Ng ' s 30 work that the low level of PVP had negligible 
effect on the non-aqueous titration, the emulsion formed 
affected the solvent extraction process as it took more 
time for the two liquid phases to separate. 
Ethambutol hydrochloride is soluble in water, and 
when in alkaline medium, its free base ethambutol 
liberated is also slightly soluble in water. It is 
because ethambutol, with two hydroxyl groups, is more 
hydr~philic than other organic bases. Therefore, in 
solvent extraction, large amount of ethambutol is 
extracted into the ~hloroform with a small amount 
distributed in the aqueous layer. As a result, the 
extraction efficiency is also affected. 
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2)· Solvent EvaporatiQn : 
Since there is a possibility of loss of the base 
through vOlatilisation22 , the evaporation process should 
be carefully controlled. 
Tju Lik Ng30 showed that there was a very little loss 
of ethambutol base through evaporation at both 70°C and 
lOQoC. Therefore, evaporation of the extract in steam 
bath should pose no great problem. Furthermore, the 
moisture in the chloroform extract was verified not to 
cause any difficulty in non-aqueous titration, as the 
amount of moisture that would affect the end-point 
observation was small. In fact, by Karl Fischer 
titration30 , chloroform did not absorb more than 0.17 % 
of water, that should not affect the end-point 
observation much. 
Although the small amount of water absorbed in 
chloroform does not significantly affect the end-point, 
it facilitates sodium hydroxide, which had been added to 
the aqueous layer during solvent extraction, to enter 
into 'the chloroform 'extract. Therefore, the problems are 
come from the small amount of sodium hydroxide introduced 
to the chloroform layer, rather than the moisture itself. 
The sodium hydroxide in the chloroform extracts 
brings forth the following problems : 
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The sodium hydroxide reacts with perchloric acid and 
leads to a higher result. 
When evaporation by strong heating, some ethambutol 
will probably be destroyed by the sodium hydroxide , and 
the result becomes low. 
In order to eliminate the moisture in the chloroform 
extract, the United State Pharmacopoeia1 and Chinese 
Pharmacopoeia28 allow the chloroform extract to pass 
through a bed of anhydrous sodium sulphate over a cotton 
plug inside a funnel. However, when the drying agent is 
overloaded, small amount of sodium sulphate may be 
carried along with the moisture, or tiny crystals of 
sodium sulphate can escape through the cotton plug. 
Therefore, the key point to minimise error is to 
control the moisture present in the chloroform extract. 
However, some moisture may be present even by utmost 
precaution. 
In addition to the works of the predecessor, the 
following precautio~s for the extraction process and non-
aqueous titration should be done : 
The extract is filtered through a bed of sodium 
sulphate rest on a phase separator (e.g. Whatman no.l PS) 
instead of a cotton plug inside the funnel. Thus the 
passage of moisture or sodium sulphate is alleviated. 
Evaporation is performed by using a rotatory 
evaporator at lower temperature (e.g. 70°C). 
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Sodium chloride can be added to break the emulsion, 
and smaller sample size can be used so that smaller 




Analytical methods have been developed for the 
determination of benzhexol hydrochloride and ethambutol 
hydrochloride tablets as an alternative to the existing 
tedious, technique dependent, or expensive analytical 
methods. Optimisation of the experimental conditions, 
linear detection range, and precision of the proposed 
method have all been studied. The assay results by the 
proposed method were counter-checked with the methods 
from the prominent pharmacopoeias. Statistical tests 
have been used to compare the results, so as to estimate 
the precision. The method is successful to the analysis 
of different brands of commercially available tablets. 
The methods developed are rapid and efficient in 
analysing benzhexol HCl and ethambutol HCl tablets. 
Analysis of vitamin B6 and basic drugs such as HYD, ECO, 
and MET by the proposed method are possible and need only 
slight modification and 9ptimisation of the experimental 
conditions. 
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Appendix 1 Data for Section 4.3.2 
"Effect of HCI04 on Detector Response in terms of Area. 
Tabl~ A.l.l. Slopes ( Peak area counts / ~g mL-1 ) of 
various analyte with eluents of 40 % (v/v) acetonitrile 
in 0.5 - 3.0 mmo1 dm-3 perchloric acid. 
Slope ( Peak area counts / ~g mL-1 ) 
HCI04 mmol dm-
3 
0.5 1.0 1.5 2.0 2.5 3.0 
EPH 6822 6708 6376 6344 6136 6058 
PRO 4110 3996 3826 3845 3685 3616 
PHE 6846 6684 6451 6406 6194 6261 
DIP 4611 4506 4441 4379 4237 4213 
BEN 4295 4189 3977 3991 3823 3895 
BRO 3338 3239 3080 3106 2989 2923 
B6 5443 5207 5209 5071 5101 5014 
ECO 2875 2703 2586 2629 2636 2581 
MET 3676 3579 3393 3309 3235 3301 
ETH 6931 6512 6430 6148 
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Effect of HCl04 on Detector Response in terms of Height. 
Table A.l.2. Slopes ( Peak height counts / pg mL-1 ) of 
various ana1yte with e1uents of 40 % (v/v) acetonitrile 
in 0.5 - 3.0 mmol dm-3 perchloric acid. 
Slope ( Peak height counts / pg mL-1 ) 
HCIO. mmol dm-3 ) 
0.5 1.0 1.5 2.0 2.5 3.0 
EPH 144 222 279 330 361 380 
PRO 66 112 142 160 177 186 
PHE 161 261 326 379 392 415 
DIP 78 133 160 192 213 225 
BEN 65 103 133 158 177 188 
BRO 50 80 104 123 137 146 
B6 100 163 215 246 273 294 
ECO 61 108 134 157 170 179 
MET 75 123- 158 183 197 213 
ETH 63 99 139 174 
20, 40, and 80 pg mL-1 standards of each analyte were 
applied to each of the eluents, and slopes were 
calculated from the peak areas and heights by regression 
analysis. 
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Appendix 2 Data for Section 4.3.2 
Effect of Acetonitrile Composition on Detector Response 
in terms of Area. 
Table A.2.1. ' Slopes ( Peak area counts / ~g rnL-1 ) of 
various analytes with eluents of 30 - 60 % (v/v) 
acetonitrile in 2.0 mmol dm-3 perch10ric acid. 
Slope(Peak area counts/~g rnL -1 ) 
CH3CN % ) 
30 40 50 60 
EPH 7334 6344 5336 3945 
PRO 4290 3845 3376 2521 
PHE 7422 6406 5649 4211 
DIP 5090 4379 3946 2987 
BEN 4541 3991 3690 2725 
BRO 3493 3106 2796 2122 
ETH 9662 7696 6335 4665 
B6 7542 6161 5234 . 3958 
ECO 3361 2966 2674 2195 
MET 4272 ·3309 3403 2529 
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Effect of Acetonitrile composition on Detector Response 
in terms of Height. 
Table A.2.2. Slopes ( Peak height counts / ~g mL-1 ) of 
various analytes with eluents of 30 - 60 % (v/v) 
acetonitrile in 2.0 mmol dm- 3 perchloric acid. 
Slope(Peak height counts/~g mL-1) 
·CH3CN % ) 
30 40 50 60 
EPH 363 330 309 254 
PRO 143 160 177 167 
PHE 405 379 347 276 
DIP 186 192 212 201 
BEN 140 158 187 181 
BRO 106 123 144 142 
ETH 146 127 96 69 
B6 327 281 244 188 
ECO 92 130 149 156 
MET 143 183 175 171 
20, 40 and 80 ~g mL-1 standards of each analyte were 
applied to each of the eluents, and slopes were 
calculated from the peak areas and heights by regression 
analysis. 
Appendix 3 Data for Section 4.3.3 
Effect of Flow Rate on Detector Response 
Table A.3.l. Detector response of various analytes in 
terms of peak area ( counts ) obtained by varying the 
flow rate at 0.5 - 1.5 mL/min., with eluents of 50 % 
(v/v) acetonitrile in 1.0 mmo1 dm-3 perch10ric acid. 
Flow rate Area ( counts 
( mL/min.) 
MEI TRY EPH BEN 
0.5 308645 356799 748162 263211 
0.7 216310 257266 583422 193099 
1.0 155810 184190 412800 144461 
1.3 122907 145813 329759 116960 
1.5 106867 126505 282981 101084 
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Table A.3.2. Detector ' response of various analytes in 
terms of peak area ( counts ) obtained by varying the 
flow rate at 0.5 - 1.5 mL/min., with eluents of 60 % 
(v/v) Acetonitrile in 1.0 mmol dm- 3 perchloric acid. 
Flow rate Area counts 
( mL/min.) 
ME! TRY EPH BEN 
0.5 316729 357713 671007 234287 
0.7 227554 256805 479622 169638 
1.0 163369 183387 340655 119176 
1.3 125306 141220 262066 93387 
1.5 108614 122676 227155 79475 
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Appendix 4 Data for Section 5.3.4 
Relationship between Peak Area and Benzhexol HCl 
Concentration 
Table A. 4.1 . . Peak area ( counts ) obtained from 
analysing benzhexol HC1 standards at various 
concentrations. Eluent: 50 % acetonitrile in 1.5 mM 
perchloric acid. 
Conc. Peak Area Area Avg. 
(pg mL-1) (Counts) (Counts) 
2 10351 9772 10222 10115 
4 20226 20876 21043 20715 
10 51193 50922 50526 50880 
20 104072 101721 104530 103441 
40 206734 205025 206984 206248 
80 420211 420272 422770 421084 
200 1014079 1048191 1038289 1033520 
320 1586692 1586458 1605323 1592824 
400 1941417 1934891 1950461 1942256 
Regression Output: 
R Squared 0.999 
X Coefficient(s) 1036 
Relationship between Peak Area and Ethambutol Hel 
Concentration 
Table A.4.2. Peak area ( counts) obtained from 
analysing ethambutol Hel standards at various 
concentrations. Eluent: 30 % acetonitrile in 2.0 mM 
perchloric acid. 
·· Cone. Peak Area 
(pg mL-1) (Counts) 
100 91369 88989 
200 204209 200383 
400 412434 414291 
500 518939 521125 
600 617503 624822 
800 840037 822700 
Regression Output: 
R Squared 1.000 










Appendix 5 Data for Section 5.3.5 
Calibration of 10, 20, and 40 pg mL-1 Benzhexol HCl 
S~andards Prepared on Different Days. 
Peak Area (Counts) Slope R2 Date 
Std. Cone. (1l9 mL -1) 
10 20 40 
55581 99361 209029 5100 0.999 13Jan93 
53204 101771 202730 5084 0.999 14Jan93 
49922 100673 198226 4972 1.000 18Jan93 
50938 102056 204978 5119 1.000 19Jan93 
50849 101250 198420 4986 1.000 20Jan93 
50103 · 99498 201819 5030 1.000 21Jan93 
51905 99619 201584 5036 1.000 28Jan93 
50833 99913 199528 4994 1.000 29Jan93 
52495 99229 205528 5110 0.999 IFeb93 
48706 102113 202522 5062 1.000 2Feb93 
48705 101814 201992 5049 1.000 3Feb93 
53902 105636 205823 5183 0.999 8Feb93 
50945 102366 202891 5082 1.000 9Feb93 
53465 102305 206945 5171 1.000 19Feb93 
53410 102816 203655 5113 0.999 20Feb93 
Slope average 5073 Counts/1l9 roL- l 
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Calibration of 10, 20, and 40 ~g mL-1 Ethambutol HC1 
Standards Prepared on Different Days. 
Peak Area (Counts) Slope R2 Date 
Std. Cone. (~g mL- 1) 
10 20 40 
98604 197732 401063 9952 1.000 26May93 
99045 195332 400828 9927 1.000 27May93 
104029 '198412 398897 10049 1.000 28May93 
100722 197252 403791 10009 1.000 31May93 
98240 '193687 395247 9802 1.000 2Jun93 
97946 196537 402506 9965 1.000 2Jun93 
Slope average 995l/Counts 119 mL-1 
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Appendix 6 Data for Section 5.3.6 
Determination of Benzhexol Hel Tablets by Proposed 
Method. 
Sample 1 : Benzhexol Tablets ( Sunwards - Singapore 















3 1.98 99.0 
1.93 96.3 
4 1.93 96.4 
1.99 99.6 
5 1.94 97.2 
Z.Ol 100.5 
6 1.96 97.9 
1.96 97.9 
Total Average 1.98 
SD(n-l) 0.03 











Sample 2 : Artane 2mg ( Lederle - USA ) 






























Total Average 1.97 
SD(n-l) 0.02 
RSD (%) 1.02 
Avg. 








Sample 3 : Artane 5mg ( Lederle - USA ) 



















4 4.83 96.6 
4.79 95.7 
5 4.82 96.5 
4.86 97.2 
Total Average 4.86 
SD(n-l) 0.04 











·Sample 4 . Benzhexol Tablet 2mg ( Synco - H. K. ) . 
Averaged tablet weight = 0.1532 g/tab1et ) 
Stock Assay Avg. 
Solution 
(mg/tab. ) (%) (mg/tab. ) 
1 2.01 100.5 
2.04 101.8 
2.00 100.2 2.02 
2 1.99 99.3 1.9°9 
3 2.02 101.0 
2.03 101.5 2.03 
4 2.01 100.7 
1.99 99.5 2.00 
5 2.03 101.4 2.03 
6 2.03 101.5 
2.01 100.5 2.02 
7 2.02 100.9 
2.03 101.3 2.03 
8 1.96 98'.0 
2.02 101.2 1~99 
9 2.04 102.2 
-
2.02 101.1 2.03 
Total Average 2.02 
SD(n-l) 0.02 
RSD (%) 0.99 
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Calculation : 
Assay( mg/tab.)= Sample peak area x S.V. x D.F. x 






= Assay (mg/tab.) * lOO/nominal 
claimed value (mg/tab.) 
= averaged tablets weight (g) 
= sample weight (g) 
= dilution factor 
= volume of stock sample solution (mL) 
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Appendix 7 Data for Section 5.3.6 
Determination of Benzhexo1 Tablets by method from BP 1988 
1) Sample . Sundwards 2 mg . 
Stock Assay Avg. 
Solution 
(mg/tab. ) (%) (mg/tab. ) 
1 1.94 97.16 1.94 
2 1.94 97.05 1.94 
3 1.96 97.94 1.96 
4 1.96 98.04 1.96 
Total Average 1.95 
SD(n-l) 0.01 
RSD (%) 0.51 
2) Sample . Artane 2mg . 
Stock Assay ·Avg. 
Solution 
(mg/tab. ) (% ) (mg/tab. ) 
1 1.93 96.46 1.93 
2 1.91 95.57 1.91 
-
3 1.97 98.40 1.97 
4 1.94 97.10 1.94 
Total Average 1.94 
SD(n-1) 0.03 
RSD (%) 1.55 
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3) Sample . Artane 5mg • 
Stock Assay Avg. 
Solution 
(mg/tab. ) (% ) (mg/tab. ) 
1 4.96 99.28 4.96 
2 4.88 97.63 4.88 
3 4.86 97.18 4.86 
4 4.95 98.96 4.95 
Total Average 4.91 
SD(n-l) 0.05 
RSD (%) 1.02 
4) Sample . Synco 2 mg . 
Stock Assay Avg. 
Solution 
(mg/tab. ) ( %) . (mg/tab. ) 
1 1.97 98.54 
1.98 98.86 
1 .. 96 98.06 1.97 
2 1.97 98.60 
1.95 97.33 1.96 
3 1.96 97.87 1.96 
4 1.98 98.79 1.98 
Total Average 1.97 
SD(n-l) 0.01 
RSD (!Is)-: 0.51 
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Calculation : 
Assay( mg/tab.) = Sample absorbance x S.V. x D.F. x 
A.T.W. / (S.W. * Slope of standard) 
Assay (%) = Assay (mg/tab. ) * 100 / nominal 
claimed value (mg/tab. ) 
with A.T.W. = averaged tablets weight (g) 
s. w. = sample weight (g) 
D. F. = dilution factor 
S. v. = volume of stock sample solution (mL) 
Appendix 8 Data for S"ection 5.3.6. 
Determination of Ethambutol HCl Tablets by Proposed 
Method. 
















Total Average 101.09 
SD(n-l) 1.09 




















2) Sample : Myambuto1 Tablet 200mg ( Lederle - USA 
Stock Assay Avg. 
Solution 
(mg/tab. ) (% ) (mg/tab. ) 
1 195.09 97.54 
193.67 96.83 
193.81 96.90 
196.52 98.26 194.77 
2 200.32 100.16 
199.25 99.63 
195.64 97.82 198.40 
3 197.49 98.75 
198.75 99.37 
196.25 98.13 197.50 
Total Average 196.89 
SD(n-1) 1.89 
RSD (%) 0.96 
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3) Sample : Myambuto1 Tablet 400mg ( Leder1e - USA ) 
Stock· Assay Avg. 
Solution 
(mg/tab. ) ( %) (mg/tab. ) 
1 405.90 101.48 
410.76 102.69 
399.40 99.85 
391.73 97.93 401.95 
2 402.90 100.72 
403.46 100.86 
394.84 98.71 400.40 
3 406.23 101.56 
392.99 . 98.25 
390.52 97.63 
390.25 97.56 395.00 
Total Average 399.12 
8D(n-1) 3.65 
RSD (%) 0.91 
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4) Sample : Ethambutol Tablet 400 mg ( Ashford ) 
Stock Assay Avg. 
Solution 
(mg/tab. ) ( %) (mg/tab. ) 
1 396.41 99.10 
394.03 98.51 
392.09 98.02 394.18 
2 385.72 96.43 
390.03 97.51 
386.74 96.69 387.50 
3 393.57 98.39 
389.29 97.32 
393.69 98.42 392.18 
Total Average 391.29 
SD(n-1) 3.43 
RSD (%) 0.88 
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5) Sample : Ethambutol Tablet 400 mg ( Labatec - Pharm 
S.A. Switzerland) 
Stock Assay Avg. 
solution 
(mg/tab. ) (% ) (mg/tab. ) 
1 406.71 101.68 
404.46 101.12 
403.48 100.87 404.88 
2 402.37 100.59 
390.18 97.55 
392.66 98.16 395.07 
3 401.31 100.33 
400.99 100.25 
389.49 97.37 397.26 
Total Average 399.07 
SD(n-l) 5.15 
RSD (%) 1.29 
Calculation : 
Assay( mg/ta~:) = Sample peak area x S.V. x D.F. x 






= Assay (mg/tab.) * lOO/nominal 
claimed value (mg/tab.) 
= averaged tablets weight (g) 
= sample weight (g) 
= dilution factor 
= volume of stock sample solution (mL) 
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Appendix 9 Data for Section 5.3.6. 
Determination of Ethambutol HCl Tablets by Counter-check 
Methods. ( Non-aqueous Titration). 
Sample : Lederle 100mg. 
Titrant . Temp. Sample Assay . 
Vol. (mL) (OC) Wt. (g) (mg/tab. ) (\) 
14.20 20.0 0.3022 96.58 96.58 
6.90 23.0 0.1430 98.85 98.85 
6.76 23.0 0.1425 97.18 97.18 
18.60 16.5 0.3897 98.48 98.48 
Total Average 91. 11 
SD(n-1) 1.07 
RSD (%) 1.09 
Sample: Lederle 400mg. 
Titrant Temp. Sample Assay 
Vol. (mL) . (OC) Wt. (g) (mg/tab.) (\) 
6.19 23.0 0.1338 389.41 91.35 
6.63 22.0 0.1431 390.41 97.60 
6.58 22.0 0.1398 396.61 99.15 
5.18 23.0 0.1126 387.22 96.81 
Total Average 390.91-
SD(n-l) 4.03 
RSD (%) 1.03 
Sample : Ashford 400mg. · 
Titrant Temp. 































Wt. (9) (mg/tab.) (%) 
0.0901 394.23 98.56 
0.1539 ·404.52 96.97 
0.1046 414.33 103.58 
0.1491 395.39 98.85 
Sample Assay 
Wt. (g) (mg/tab. ) (%) 
0.1632 388.72 97.18 
0.1583 392.75 98.19 
0.1680 396.47 99.12 










Volume x [ 1 + O.OOll( 20°C - Room temp.oC)] 
(mL) 
Corrected 
Volume x 13.86 mg x ATW x 1.022 M / SW(g) 
(mL) 
Where, 1.022 M is the cone. of standardised anhydrous 
perchloric acid. 
ATW, & SW = Averaged tablets weight and sample weight in (g) 
Assay (%) = Assay (mg/tab.) x lOO/nominal claimed value 
(mg/tab. ) 
* Those titrants with volume ( 10.00 mL were analysed with a 
10.00 mL burette in 0.02 mL. 
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